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EDITORIAL

COMPLICATIONS FOLLOWING DIFFERENT 
TECHNIQUES  OF ONE-LUNG VENTILATION

-Tracheal tube versus univent, or double-lumen tube-

One-lung ventilation (OLV) is recommended in patients undergoing thoracoscopy or 
thoracotomy.  This can be achieved by contralateral ventilation of the non-operated lung using 
the traditional single-lumen tracheal tube, the univent tube, or the double-lumen tube.  The 
present Editorial reports serious complications which may follow the three techniques of one-lung 
ventilation.

Using a single-lumen tracheal tube, collapse of the nonventilated lung can be achieved by 
carbon dioxide insufflation into the contralateral closed intrapleural chest cavity to a pressure as 
low as 5 mmHg.  However, this technique may create a physiological response very similar to that 
of a unilateral tension pneumothorax, with a consequent hemodynamic instability secondary to 
decreased venous return, and/or mediastinal shift1.

Another technique of achieving OLV is using the univent tube, while collapsing the 
nonventilated lung by applying suction via the bronchial blocker before thoracotomy.  However, 
applying suction, with the chest closed, can result in a marked negative intrathoracic pressure that 
diverts blood from the ventilated lung to the nonventilated lung with a consequent decrease of 
cardiac output and development of hypoxemia2.

Our present anesthetic technique for one-lung ventilation during thoracotomy or video-
assisted thoracoscopy depends on double-lumen intubation which provides selective ventilation of 
the contralateral lung, while allowing collapse of the ipsilateral lung without the need of intrapleural 
carbon dioxide insufflation3.

Partial collapse of the lung on the thoracoscoped side occurs when the air enters the pleural  
cavity.  To augment collapse, the lumen of the double-lumen tube on thoracoscoped side is opened 
to room air, while suction is applied intermittently as indicated.  The technique provides a quiet 
field on the thoracoscoped side, without the need for carbon dioxide insufflation into the ipsilateral 
pleural space, or direct tracheal suctioning, and hence will not be complicated by inadvertent 
tension pneumothorax or negative pressure pulmonary edema3.

During one-lung ventilation, it is advisable to use the double-lumen tracheal tube.  The right 
upper lobe bronchus arises near the carina as an offshoot from the right main stem bronchus, while 
the left upper lobe bronchus arises further away from the carina as a bifurcation of the main trunk.  
In addition, the right main bronchus is only 2cm long or may be shorter, and occasionally, the 
right upper lobe bronchus arises from the lower end of the trachea.  That is why, right bronchial 
intubation can occlude the opening to the right upper lobe bronchus, with a consequent decrease 
of PaO2.  In contrast, the left main stem bronchus is longer than the right main stem bronchus, and 
hence right bronchial intubation should be only used if left bronchial intubation is contraindicated.  
The use of a small double-lumen tube can facilitate overinflation of the bronchial cuff and/or down 
displacement of the tube which results in obstruction of the right or left upper lobe bronchus4.
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Owing to the greater length of the left main 
stem bronchus, it is always advisable to use left 
bronchial intubation unless contraindicated by certain 
procedures such as left pneumonectomy, and to select 
the largest possible sized tube in order to avoid placing 
the bronchial limb too far into the bronchus.

Adequate fixation  of the double-lumen tube and 
repeated checking by chest auscultation and fiberoptic 
bronchoscopy are required to detect malposition.  
Despite all these precautions, we came across two 
cases of left upper lobe bronchus blocking following 
left bronchial intubation, with a consequent ventilation 
limited to one lobe, resulting in severe hypoxemia in 
one patient, and in lung rupture with a consequent 
tension pneumothorax in the second patient4,5.

To optimize oxygenation during OLV, the 
original proposed ventilation strategy was based on 
maintaining a large tidal volume of 10 ml.kg, while 
applying continuous positive airway pressure (CPAP) 
using 100% oxygen to the non-ventilated lung.  

However, applying CPAP to the non-ventilated lung on 
the operative side disturbed the surgeon during video-
assisted thoracoscopy.

Also, recent studies have shown that ventilation 
with large tidal volume can result in lung injury.  So, 
a revision of these guidelines has been necessary.  The 
present recommended ventilation strategy during OLV 
is to use normal tidal volume, associated with PEEP. 
The use of PEEP is associated with an increase of 
oxygenation, without any other change of ventilation 
strategy.  Thus, a normal tidal volume, associated with 
PEEP should be considered as a prevention strategy 
against both hypoxemia and lung injury.  The present 
strategy during OLV is to use a normal tidal volume, 
associated with a low level PEEP.

Anis Baraka, MD, FRCA (Hon)

Emeritus Professor of Anesthesiology

American University of Beirut
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REVIEW ARTICLE

Anesthetic MAnAgeMent for Drug 
inDuceD sleep enDoscopy

Nabil Shallik*

Keywords: sleep endoscopy, Dise, nasoendoscopy, sne and propofol infusion.

Introduction

sleep endoscopy, also known as sleep nasoendoscopy (sne) or drug-induced sleep endoscopy 
(Dise), is a powerful tool for studying the dynamic airway in a sleeping patient with obstructive 
sleep apnea (osA). using the knowledge gained from sleep endoscopy, the surgeon can tailor the 
operative procedure to the patient's specific condition.

Based on the level and pattern of airway obstruction in a patient with osA, sleep endoscopy 
allows the physician to tailor the treatment plan to each patient. this can improve the results of 
surgical intervention and/or minimize the scope of intervention. sleep endoscopy may also provide 
information that erases the need for surgery altogether. 70% of patients surveyed in an outpatient 
setting by hewitt et al were determined to have a palatal cause of obstruction and were surgical 
intervention. however, after undergoing sleep endoscopy the number of patients deemed to need 
surgical procedures decreased to 54%1.

The diagnosis and treatment of OSA is a complex and multidimensional due to the difficulty 
in establishing the site of obstruction in the awake patient who carries a diagnosis of obstructive 
Sleep Apnea Hypopnea Syndrome (OSAHS). Croft and Pringle first proposed sleep endoscopy in 
19912. Using midazolam as a sedating agent, they demonstrated the utility of passing a fiberoptic 
endoscope through a sleeping patient’s nasal cavity to assess pharyngeal structures for evidence of 
obstruction and were able to induce the preexisting snoring in 95% of their patients2.

other investigators used propofol because it is a hypnotic drug with a very short half-life 
(approximately three minutes), and its eventual adverse effects are rapidly recovered as soon 
as administration is discontinued. Moreover, its effect on respiratory depression is lower than 
that observed with benzodiazepines, and it leads to a low incidence of side effects,( e.g. nausea, 
headache) and is considered to be a very safe drug for sedation3.

in 1993, croft and pringle developed a grading scale that utilized sleep endoscopy to 
categorize snoring and obstruction. grading was based on whether the obstruction was palatal, 
multilevel, or tongue-based4. sleep endoscopy, in combination with the grading scale, allows the 
physician to directly observe and record pharyngeal structures in the sedated patient with osA and 
categorize the obstruction.

* MD, Assistant professor of clinical Anesthesia, Weill cornell Medical college Doha, Qatar.
 Assistant professor of Anesthesia and intensive care, tanta university, egypt.
 consultant in Department of Anesthesia, intensive care, pain Management and peri-operative Medicine Department, 

hamad Medical corporation, Doha, Qatar.
 correspondence should be addressed to: nabilsholik66@hotmail.com
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Also, sleep endoscopy is enormously useful 
as a tool for teaching all levels of staff about airway 
management, and it is useful for anesthesiology and 
otolaryngology residents who are learning about 
airway anatomy and physiology.

the main indications of sleep endoscopy reported 
in the literature are: severe osAhs, surgical failure, 
mismatch between awake endoscopic assessment and 
clinical features and suspected central nervous system 
diseases.

the aim of this review is to help anesthesiologists 
and ent surgeons in management of Dise before, 
during and after Dise techniques.

Technique of DISE

All sleep endoscopies are carried out in an 
operation theater setting. the patients is placed in the 
supine position on their ward beds or operating theatre 
beds in comfortable ambient temperatures, dimmed 
lighting, with their eyes covered by a paper face mask 
and they are encouraged to sleep.

Prior to DISE, flexible nasal endoscopy is 
performed on the patient whilst awake, using the 
Müller maneuver (forced inspiratory suction with 
mouth and nose closed) that allows an estimation of 
different patterns of pharyngeal collapse. endoscopic 
examination in both awake and asleep patients is 
performed using flexible nasopharyngoscope5.

following this upper airway evaluation, further 
clinical assessment of the patients includes review of the 
sleep study report and preoperative medical clearance. 
sedatives and narcotics are avoided before the procedure, 
and heart rate (hr), non-invasive blood pressure (niBp), 
oxygen saturation (spo2), and bispectral index (Bis) are 
monitored, together with continuous monitoring Bis ( 
a scale derived from cerebral electrical activity and that 
measures the effect of specific anesthetic drugs on the 
brain. the recommended range in anesthesia guided by 
Bis is 40–60)6.

Pharmacological regimen in adults

the ‘ideal’ drug for Dise, should have a short 
half-life and be available for iV and infusion with 

minimal impact on respiratory drive, muscle tone 
and rapid eye movement (reM) sleep (kezirian 
2006)7. In addition, it should have a specific, rapidly 
acting antidote. there is no ideal agent but propofol is 
currently the drug of choice for Dise.

Propofol manual infusion for DISE

sleep endoscopy is manually performed using 
a 20 ml syringe containing 1% or 2% propofol. An 
induction bolus of 1 mg/kg propofol is followed by 
20 mg boluses every two minutes until the start of the 
so-called snoring-apnea cycle (sAc), through wide 
bore cannula in a large vein to prevent pain during 
injection5.

Propofol target-controlled infusion (TCI) for 
DISE- TCI

sleep endoscopy is performed by a target-
controlled infusion (tci)  system using schnider 
model in effect-site (cerebral) targeted infusion 50 ml 
prefilled syringe of 1% propofol. The Schnider system 
is a complex pharmacokinetic/pharmacodynamic (pk/
pD) model that allows obtaining different rates of drug 
from the values of age, height, weight, and lean body 
mass of the patient8. the initial target for propofol is 
1.5 mcg/ml and increasing in increments of 0.2 mcg/ml 
every 2 minutes until the start of snoring-apnea cycle 
(sAc). the propofol rate will continue by last rate of 
infusion till the end of examination. and this is known 
as the ‘slow’ technique5. for ‘rapid’ technique, the 
initial target of propofol is 2.5 mcg/ml and increasing 
in increments of 0.2 mcg/ml every two minutes until 
the start sAc. the propofol rate will continue by last 
rate of infusion till the end of examination. During 
either procedure, the above mentioned vital parameters 
shall be monitored every two minutes together with any 
observed alterations in upper airways’ (uA) opening 
or snoring-apneas events before the next injection of 
propofol.

During the Dise, the onset of the so-called cAs 
should be identified and reported in a specific data 
sheet. Moreover it is important to mark the different 
sites and patterns of uA collapses. Different endoscopic 
classification systems could be used for this purpose, 
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such as the nose, oropharynx, hypopharynx and larynx 
(NOHL) classification9 or the velum, oropharyngeal 
lateral wall, tongue base and epiglottis (Vote) 
classification10.

Other techniques

iV midazolam (3–5 mg) iV and propofol (30–50 
mg) can be titrated individually by an anaesthetist, 
with additional 20-mg boluses of propofol every two 
minutes to maintain a satisfactory level of sedation. 
however, benzodiazepines reduce muscle tone and 
respiratory drive and flumazenil may be needed for 
reversal of these side effects11.

Dexmedetomidine may be useful for outpatient 
anesthesia, sleep nasendoscopy and sleep studies. it 
can be given as 1mcg/kg loading infusion over 10 
min., followed by continuous iV infusion between 0.2-
0.7 mcg/kg/h12 which still under clinical trials.

Pharmacological regimen in pediatrics

the induction in children is performed by mask 
inhalational of sevoflurane. An IV cannula is then 
inserted, and anesthesia is maintained with an infusion 
of dexmedetomidine at 1-2 mcg/kg/hr without a loading 
dose, with additional ketamine (10mg/kg). previously, 
a propofol infusion was used to maintain anesthesia. 
however, Aaron and peter have found that, with this 
propofol technique in pediatrics, the muscle relaxation 
is less marked resulting in more prolonged expiratory 
effort. they also vasoconstrict and anesthetize the nose 
with a half and half mixture of oxymetazoline and 1% 
xylocaine delivered on a 1cm × 4cm cottonoid pledget. 
spontaneous respiration is supported by oxygen (2l/
min) delivered via nasal cannula. the child should be 
positioned in the supine position without a shoulder 
roll, mimicking the position of natural sleep as much 
as possible13.

once a rhythmic pattern of respiration is 
established, a flexible fiberoptic laryngoscope is passed 
directly into the child’s nose, passing posteriorly toward 
the nasopharynx. for visualization and documentation, 
a digital video camera is used with the endoscope.

At the nasopharynx, the adenoids are examined 
as a potential site of obstruction. the position of the 

palate and uvula in relation to the posterior pharyngeal 
is identified. The scope is then passed into the 
oropharynx lingual tonsils, and pharyngeal tonsils (if 
still present) are examined. the position of the base 
of tongue, vallecula, and epiglottis in relation to the 
posterior pharyngeal wall are noted. in some cases, 
the tongue base can be seen collapsed against the 
posterior pharyngeal wall. in such cases, visualizing 
the improvement in airway patency by lifting the 
tongue base with jaw thrust can be quite dramatic. 
the dynamics of lateral pharyngeal wall motion can 
be seen. the scope is then passed under the epiglottis 
where the dynamics of the supraglottic soft tissues, as 
well as the motion of the vocal cords, are observed. 
At the completion of the sleep endoscopy, the scope is 
removed. Direct laryngoscopy and bronchoscopy can 
then be performed to complete the airway evaluation13.

Post procedure Management

the American society of Anesthesiologist (AsA) 
guidelines states that, all patients should be monitored 
for three hours longer than non-obstructive sleep 
apnea patients. oxygen saturation on room air should 
return to its preoperative baseline. patients should not 
be hypoxemic or have signs of developing airway 
obstruction when left alone. As there is no pain during 
or after the technique there is no need for analgesia. 
the patients are usually drowsy after the procedure, so 
they must not drive, operate heavy machinery or work 
on the same day14.

Advantages of DISE: versus 
Polysomnography

Dynamic assessment of the effects of sleep on the 
airway.

Directly visualization of the source of obstruction 
and related structures

Precise identification of the relevant structures 
which enables the surgeon to define surgical treatment.

Complication of DISE

complications associated with sleep endoscopy 
include the following:

Nasal bleeding induced by the flexible fiberscope
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laryngospasm
pulmonary aspiration
hypercapnea, desaturation and loss of the airway
need for intubation or a surgical airway
cardiac dysrhythmias
systemic hypertension
So, all resuscitation equipments, difficult airway 

trolley and trained personnel should be ready to 
manage these complications.

Contraindications of DISE

relative contraindications include patients who 
are pregnant or who have a known history of propofol 
allergy or allergies to propofol components such as egg, 
lecithin, or soybean oil. other contraindications are 
significant nasal obstruction that impedes passage of 
the flexible fiberoptic laryngoscope (FFL), an “unsafe” 
airway, a frank aspiration history, and patients are not 
fasting.

Challenges of DISE for Anesthesiologist

no o2 supplement
no guedel’s airway allowed
Anti-cholinergic not allowed
risk of aspiration
sedation for patients who are by nature sensitive 
for sedatives
All patients are done as day care

Discussion

propofol is an ‘ideal’ agent because it is a hypnotic 
drug with a very short half-life (approximately three 
minutes), and any adverse effects are rapidly reversed 
immediately after administration is discontinued. 
Moreover, its effect on respiratory depression is 
lower than that observed with benzodiazepines, and 
associated with a low incidence of side effects such as 
nausea and headache15-17.

Berry et al performed propofol sedation in 
two different groups, those with and those without 
history of snoring and apnea. they observed that 
no asymptomatic subject presented snoring during 

sedation, whereas snoring occurred in all patients in 
the “snoring and apnea” group. The authors concluded 
that propofol sedation does not induce snoring or 
apneas in patients without snoring or apneas during 
regular sleep18.

similarly, fábio et al. did not observe snoring in 
asymptomatic patients, compared with 100 percent of 
osA patients w/w did snore20. such consistency was 
also observed by croft and pringle2 Berry et al18, and 
llatas et al19.

fábio et al. were the first investigators to observe 
that, for these procedures, propofol distorts the eeg 
structure, and reM sleep is replaced by n3 sleep in 
every sedated patient20. the mechanism(s) of action 
of propofol have not been fully clarified, although 
it is known that the drug interacts with the gamma-
aminobutyric acid (gABA) A–benzodiazepine receptor 
complex18. this interaction would consequently reduce 
the firing rate of cholinergic neurons in the frontal 
cortex and hippocampus, which are important during 
wakefulness and reM sleep21.

nasoendoscopy under propofol sedation using an 
infusion pump has been reported, but the plasma levels 
of the drug vary in literature from 2 to 8 ug/ml22 -24. in 
2005, Jones et al21 reported that the minimal plasma 
concentration of propofol for the patient to tolerate this 
examination was 1.5 ug/ml.

Conclusion

in osAhs patients, the observation of apneic 
events is mandatory for diagnostic accuracy, especially 
for patients undergoing surgical therapy. sleep 
endoscopy represents a remarkable diagnostic tool, but 
all efforts to increase the accuracy, stability and safety 
of the technique applied should be implemented.
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PerioPerative Pain Control in 
Gastrointestinal surGery
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Abstract:

Perioperative pain control in the setting of gastrointestinal surgery presents unique challenges 
for the clinician, including the incidence of ileus and its potential exacerbation by analgesics, large 
incisions, patient characteristics and a wide variety of other factors. at the same time, optimizing 
postoperative pain control is of key significance in this patient population and has implications 
for both medical and surgical outcomes, length of hospital stay and associated costs and risks 
of developing chronic postsurgical pain. Data from recent clinical trials and other studies have 
highlighted the impact of specific surgical and anesthetic techniques on post-operative pain for 
several types of abdominal surgeries, including pancreatoduodenectomy, hepatectomy, gastric 
bypass, cholecystectomy, colectomy, and appendectomy. the management of pain may be 
optimized through the multidisciplinary and concerted efforts between clinicians involved in the 
perioperative care of patients undergoing gastrointestinal surgery.

Introduction

the incidence of gastrointestinal surgery in both the inpatient and outpatient settings has 
been increasing steadily in recent years, likely due to the increasing aging population of the united 
states. large abdominal procedures, such as pancreatic, liver, and bariatric procedures, continue 
to comprise a large proportion of the clinical case volume in academic medical centers. effective 
management of perioperative pain in gastrointestinal surgery is a primary consideration in terms of 
improving patient recovery time, length of hospital stay and patient satisfaction.

Postoperative pain continues to be a barrier to successful recovery and rehabilitation after 
surgery. one study estimates that roughly 75% of postoperative patients experience moderate 
to severe postoperative pain, often due suboptimal analgesic therapy1. in addition to problems 
discovered while the patients remain in the hospital, such as delayed wound healing and respiratory 
distress, acute-postsurgical pain is widely accepted today as a risk factor for the development of 
long term psychological distress and chronic postsurgical pain2.

Gastrointestinal surgery has a particularly high incidence of both postoperative pain 
and gastrointestinal symptoms, such as nausea, vomiting and the development of ileus. these 

* MD, Department of anesthesiology, yale university school of Medicine, new Haven, Ct, usa.
** MD, Department of surgery, yale university school of Medicine, new Haven, Ct, usa.
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gastrointestinal symptoms are frequently related to 
the preoperative diagnosis or surgical interventions; 
however, some analgesic medical therapies, such 
as commonly used opiates, are also known to 
contribute to nausea and vomiting. For this reason, 
optimizing perioperative pain control in the setting 
of gastrointestinal surgery presents unique challenges 
for the clinician in this particular subset of surgical 
patients.

Several studies and meta-analyses have looked 
at variable surgical techniques in order to investigate 
whether factors such as laparoscopic port size and 
number, insufflation pressures, use of local anesthetics, 
and various other surgical variables have any 
significant impact on postoperative pain and recovery. 
in addition, many recent studies have investigated 
different modalities of pain control, including epidural 
and intrathecal administration routes, and their role 
in improving postoperative pain compared to more 
traditional, intravenous medications.

Much attention in the literature has recently 
focused on the importance of perioperative pain 
control, in particular the concept of preventative 
analgesia. Preventive analgesia encompasses the 
use of various modalities before, during and after 
surgery to minimize postoperative pain3. analgesic 
therapy can be started before surgical incision, for 
example, preoperative epidural administration of 
local anesthetics and opioids or the performance of 
a nerve block to provide anesthesia in the anatomical 
distribution of the surgical procedure. In fact, such pre-
incision therapies have been shown to help prevent 
the development of altered processing of afferent 
neuronal pain input, which would otherwise heighten 
postoperative pain4. this is one of the concepts 
supporting the practice of multimodal analgesia, 
utilizing different types and routes of analgesic therapy 
in order to manage postsurgical pain.

this review article summarizes the literature 
detailing the impact of different surgical and 
anesthetic techniques on post-operative pain for 
several types of gastrointestinal surgeries, including 
pancreatoduodenectomy, hepatectomy, gastric bypass, 
cholecystectomy, colectomy, and appendectomy. 
in addition, this review also highlights the need for 
increased attention and comparative outcome studies 

addressing perioperative pain management after 
gastrointestinal surgery.

Pancreatoduodenectomy

Pancreatoduodenectomy, or Whipple procedure, 
is performed to treat cancerous tumors located in the 
pancreas, bile ducts, and duodenum. By removing 
portions of the stomach, gallbladder, pancreas, and 
duodenum, the surgeon reattaches the pancreas to 
the jejunum to allow food and gastrointestinal juices 
to empty. although there is wide variation among 
centers and particular surgeons, the procedure 
typically involves a moderate to large size abdominal 
incision which contributes to significant post-operative 
pain. numerous recent studied have focused on the 
effects of intravenous (iv) versus epidural analgesia. 
epidural catheters have been found to provide better 
pain relief than iv analgesic medications. they have 
been associated with a significantly decreased risk 
of postoperative pneumonia and insulin resistance, 
while improving pulmonary function and arterial 
oxygenation5, and decreased hospital time6.

in particular, thoracic epidural anesthesia has 
been demonstrated to improve post-operative pain 
in major abdominal surgeries and has also been 
associated with decreased rates of post-operative 
pneumonia7 and even insulin resistance8. as such, it 
has become a standard approach to post-operative pain 
control in patients undergoing pancreatic and other 
major abdominal surgery. However, there are instances 
in which the procedure is contraindicated, for example, 
in the setting of coagulopathy. other studies have 
suggested that it may increase the risk of hemodynamic 
instability and compromise to enteric anastomoses, 
intestinal perfusion and recovery of bowel function6.

a number of gastrointestinal complications, 
including ileus, biliary leakage, and bleeding, have 
been shown to increase with epidural use9. The fluid 
shifts that occur during epidural use can lead to 
an increased risk of intensive care unit admission. 
Likewise, up to one-third of epidurals may not function 
satisfactorily due to poor insertion levels, insufficient 
local anesthetic/opioid dosages, or pump failure. 
since, the use of epidural analgesics seem to decrease 
hospitalization time and control pain effectively, 
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more evidence has been building in favor for its use6. 
additional studies on epidural use in laparoscopic 
pancreatic resections are necessary, as not all situations 
allow for its use.

The most common alternative to post-operative 
pain control is patient controlled analgesia (PCa), in 
which intravenous opioid therapy may be administered 
in increments based on patient preferences. another 
alternative is intravenous infusion of lidocaine. in 
a systemic review of 8 trials, there was a decrease 
in the duration of ileus, length of hospital stay, post-
operative pain and post-operative nausea and vomiting 
with intravenous lidocaine infusion compared to PCa 
morphine10.

Further, ultrasound guided transversus abdominis 
plane (taP) block has been shown to provide anesthesia 
to the anterolateral abdominal wall. although there 
are no studies comparing taP blocks to epidurals 
and other modalities of post-operative pain control, a 
recent meta-analysis of randomized controlled trials 
found the procedure to reduce opioid requirements 
and opioid-associated side effects, in addition to 
improving pain relief compared to patients who did not 
receive a taP block as part of the perioperative pain 
management plan11.

the surgical techniques utilized in pancreatic 
surgery have also been found to impact postoperative 
pain. Minimally invasive surgery has been the desired 
method of surgery in recent years, as it tends to 
reduce postoperative pain, increase patient mobility, 
increase recovery rates, and provide a better cosmetic 
appearance12. a recent retrospective analysis compared 
outcomes between patients undergoing hybrid 
laparoscopy-assisted pancreaticoduodenectomy 
(HlaPD), in which pancreaticoduodenal resection 
is performed laparoscopically while reconstruction is 
completed via a small upper midline minilaparotomy, 
and open pancreaticoduodenectomy (oPD). the 
HLAPD demonstrated not only a significantly lower 
estimated intraoperative blood loss and a shorter length 
of hospital stay, but also the HlaPD tended to have 
lower analgesic requirements. twelve (92%) patients 
in the HlaPD group used an epidural for postoperative 
pain control compared with 19 (95%) patients in the 
OPD group. Mean 7-day analgesic requirements were 
lower in patients who underwent HlaPD than those 

who underwent oPD (174 mg v. 288 mg), though 
this trend did not achieve significance (p = 0.08)13. 
therefore, in addition to medical and anesthetic 
variables contributing to improved postoperative 
pain, novel and less-invasive surgical techniques 
also may impact postoperative pain in patients 
undergoing pancreatoduodenectomy. However, further 
research is warranted, particularly larger and multi-
centered comparative randomized trials evaluating 
postoperative pain between open versus minimally 
invasive techniques may help further define its role in 
improving postoperative pain outcomes.

Hepatectomy

a partial hepatectomy can refer to the resection 
of hepatic tissue from a diseased liver, either due 
to benign or malignant neoplasms, metastases, 
gallstones or parasitic cysts. as in the case of 
pancreatoduodenectomy, hepatectomies can frequently 
involve wide upper abdominal incisions, contributing 
to post-operative pain control and affecting recovery 
time.

the risk of coagulopathy after liver resection 
surgery has made the placement of epidurals 
controversial. although no cases of epidural hematoma 
formation have been linked to liver resection14, 
catheters are often not removed before coagulation 
studies return to normal postoperatively. even at 7 
days postoperatively, the prothrombin time (Pt) may 
be as prolonged as long as 22%. Further, 7-8% of 
catheters can be expected to spontaneously dislodge 
during use15, and 50% of epidural hematomas occur 
as a result of catheter removal16. Previously, an inr of 
1.4 was considered the highest safe value for removal 
of an epidural catheter. a large prospective study in 
patients with epidurals and demonstrated that epidural 
removal with inrs higher than 1.4 did not result in 
any epidural hematoma formation of over 4,000 
patients17. this may not be generalizable to all liver 
procedures. in the study, patients were on warfarin, 
which selectively inhibits the vitamin K-dependent 
coagulation factors. therefore, the use of epidurals has 
been demonstrated to be safe with a certain degree of 
coagulopathy, and it has been studied extensively in its 
role on postoperative pain after liver surgery.
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a working epidural provides excellent pain 
control for liver resection. However, one study found 
that 20% of epidurals in one study did not function or 
functioned poorly18. intrathecal morphine has been 
used as a substitute for epidural analgesia with mixed 
results. some studies have demonstrated a higher rate 
of rescue parenteral opioid analgesia with intrathecal 
morphine19. others have attempted to demonstrate 
adequate pain relief with intrathecal morphine 
and gabapentin compared with epidural analgesia. 
However, use of other analgesic modalities such as 
nsaiDs and systemic opioids has made the results 
unclear20. interestingly, patients treated with their 
regimen of intrathecal morphine and gabapentin pre- 
and postoperatively ate 4 hours earlier on average and 
were discharged 1.9 days earlier than patients in the 
epidural group.

Another modality utilized for post-operative 
pain control after hepatic surgery is infusion of 
local anesthetic via the On-Q Pain Buster, which 
can continuously deliver local anesthetics for up to 
five days. In one study involving forty-eight patients 
scheduled for elective liver surgery, the treatment group 
received ropivacaine 0.25% infusion at 4 ml/hr for 68 
hours via two multi-orifice indwelling catheters placed 
within the musculo-fascial layer before skin closure 
along with morphine PCa. Compared to the control 
group receiving saline infusion, the ropivacaine group 
had decreased morphine requirements and improved 
post-operative pain relief21. an infusion of no more 
than 0.25% ropivacaine or duration of infusion of 
less than 2 days is recommended due to concerns of 
increased plasma levels post hepatectomy22. in a recent 
prospective, randomized study forty adult living liver 
donors were assigned to receive either intrathecal 
morphine along with intravenous fentanyl or 0.5% 
ropivacaine via a multi-orifice catheter (On-Q Pain 
Buster) placed at the wound. While analgesia was 
less effective in the first twelve hours after surgery in 
the Pain Buster group and comparable in later hours, 
patients in the Pain Buster group had shorter bowel 
recovery time23. local anesthetic infusions through 
the Pain Buster, therefore, represent an appealing 
alternative to epidural, intravenous and intrathecal 
methods of post-operative pain control after liver 
surgery.

recently, several surgical approaches have 
evolved for liver resections, including totally 
laparoscopic, hand-assisted, and laparoscopic-assisted 
open “hybrid” techniques. these surgically techniques, 
which are less invasive than standard open approaches, 
tend to be associated with less operative blood loss, 
less postoperative pain and analgesic requirements, 
and a shorter length of hospital stay, with comparable 
postoperative morbidity and mortality to open liver 
resection24. therefore, surgical technique along with 
anesthetic approaches, have significant impacts on 
perioperative pain control in liver surgery.

Gastric Bypass Surgery:

there are approximately 9 million morbidly 
obese (BMi of 40 or above) individuals in the united 
states. obesity predisposes individuals to a variety 
of health factors throughout their lives. Cases of 
morbid obesity are rising in the united states, with an 
estimated 300,000 deaths attributed to complications 
of the disease snnually in the united states25. Gastric 
bypass, a type of bariatric surgery to treat obese, 
morbidly obese, or super-obese patients, typically 
divides the stomach into an upper and lower pouch that, 
when reconnected to the small intestine, reduces the 
functional volume of the stomach and amount of food 
stored. in this particular type of surgery, the effects of 
surgical technique and multimodal pain management 
interventionas on postoperative pain have been studied 
extensively.

obesity presents unique challenges to the 
clinician with regard to controlling pain and respiratory 
and hemodynamic stability perioperatively when 
bariatric surgery is performed. obese patients may be 
more sensitive to the respiratory depressant effect of 
opioid analgesic drugs and are more likely to require 
postoperative ventilation to avoid hypoxic episodes. 
Patients that were placed on continuous low dose 
ketamine infusion (1lg/kg/min) with remifentanil and 
propofol infusion (TIVA) for laparoscopic Roux-en-Y 
gastric bypass (lryGB) had decreased pain scores, 
morphine PCa consumption, and better hemodynamic 
stability than a combination of remifentanil-propofol 
alone26. this may be due to ketamine’s activation of 
descending pain inhibitory mono-aminergic pathways 
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to produce anti-nociception. Likewise, the use of 
0.5% iP bupivacaine during lryGB compared to 
saline alone reduced overall postoperative opioid 
consumption. However, other outcome variables, 
including length of stay and vas scores, showed no 
significant difference27.

Laparoscopic procedures require insufflation of 
the abdomen with carbon dioxide in order to enhance 
the visual field and facilitate instrumentation. One 
study looked at whether different values of intra-
abdominal pressures had an impact on postoperative 
visceral type pain. Patients were randomized into low 
pressure (8 mmHg), standard pressure (12 mmHg), 
and high pressure (14 mmHg) groups. However, 
when comparing these groups based on age, weight, 
and analgesic consumption, no statistically significant 
difference was found, suggesting that insufflation 
pressures did not have a major impact on postoperative 
visceral pain28.

several recent studies have investigated the 
role of multimodal approaches to the management 
of perioperative pain in patient scheduled for 
obesity related surgery, such as gastric bypass. in 
a study of 114 patients undergoing gastric bypass 
surgery, patients were randomized to incisional 
local anesthetic infiltration plus post-operative PCA 
(Group a), epidural anesthesia and analgesia (Group 
B) or post-operative PCA (Group C). The authors 
demonstrated lower pain scores in Group a than in 
Groups B or C when measured 0, 12 and 36 hours in 
the post-operative period, thereby demonstrating that 
a multimodal approach—incorporating incisional 
local anesthetic to more conventional modalities such 
as PCA—can result in optimized post-operative pain 
control29. a recent retrospective analysis attempted to 
compare traditional approaches to pain management in 
obese patients undergoing various bariatric surgeries, 
including laparoscopic Roux-en-Y gastric bypass and 
laparoscopic adjustable banding to a multidisciplinary 
approach. Karlnoski and colleagues demonstrated that 
compared to standard ketolorac and morphine PCa 
for pain control, an interdisciplinary approach with 
ketorolac, hydromorphone PCa and bariatric team 
consisting of a psychologist, exercise physiologist 
and nutritionist, significantly improved pain control in 
post-operative days one through five30. thus, bariatric 

surgery is one area of gastrointestinal surgery that has 
been studied that demonstrates the benefits of both 
multimodal therapy and multidisciplinary approaches 
to post-operative pain management.

Cholecystectomy

Cholecystectomies, of which more than 
750,000 are performed annually in the united states, 
are performed for a wide variety of reasons, most 
commonly as treatment for cholecystitis, biliary 
colic and cancer of the gallbladder. although most 
commonly performed laparoscopically, pain continues 
to be a significant barrier to discharge during the 
postoperative course.

epidural analgesia is seldom used for the 
treatment of post-cholecystectomy pain, but it is a 
feasible option. one group investigated the feasibility 
of epidural analgesia for laparo-endoscopic single-
site cholecystectomy (LESS) in a 20-patient cohort31. 
Patients receiving epidural analgesia had lower pain 
scores on a visual analogue scale (vas) score than 
patients receiving general anesthesia and were able 
to be discharged on the day of surgery. Patients in the 
epidural group had higher rates of shoulder pain but 
less nausea and vomiting. These findings were not 
statistically significant. Interestingly, patients remained 
spontaneously breathing during epidural anesthesia, and 
did not have adverse respiratory outcomes or impaired 
respiration as evidenced by arterial blood gas analysis. 
another study found that open cholecystectomy pain 
was better managed with epidural analgesia than iv 
analgesia. although both groups had similar numbers 
of patients discharged within 36 hours, only 4.1% 
of epidural patients required additional analgesia, 
compared with 29.4% in the iv group. nausea was 
also significantly lower in the epidural group than in 
the iv group32. These findings, however, are in contrast 
to a group that investigated epidural versus general 
anesthesia for laparoscopic cholecystectomy in 
elderly patients at a single hospital33. they found that 
analgesia was that same in both groups, but that patient 
satisfaction was higher in the general anesthesia group, 
which was attributed to the discomfort associated with 
the epidural placement.

in the united states, most cholecystectomies are 
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performed laparoscopically with small incisions, and 
for this reason epidural analgesia has played a smaller 
role in management of postoperative pain. However, 
when an open cholecystectomy must be performed, 
or if the cholecystectomy is a component of a larger 
abdominal surgery, epidural analgesia is more often 
considered. in these cases, epidural analgesia is 
considered, as it has been found to be associated with 
fewer pulmonary and cardiac complications compared 
with patient-controlled opioid analgesia in patients 
undergoing laparotomy. Based on a meta-analysis of 
patients undergoing thoracic and abdominal surgery, 
those who received an epidural had an odds ratio of 
0.54 of developing pneumonia when compared with 
patients receiving parenteral, oral, or intramuscular 
opioids7. epidurals also decreased the odds of 
prolonged ventilation and reintubation. in addition, the 
odds of myocardial infarction were decreased in their 
study, odds ratio 0.55, nnt 48. they also determined 
that as pulmonary complications of surgery decreased 
with time, this difference had become smaller in 
subsequent trials.

several recent studies have demonstrated 
improved post-operative pain control after 
cholecystectomy utilizing agents that function to 
modulate GaBa, a neurotransmitter whose activation 
has been linked to dampening of the response to painful 
stimuli. one such medication is pregabalin, a GaBa 
analogue used as an anticonvulsant and treatment 
for neuropathic pain. in a randomized controlled 
trial involving patients undergoing laparoscopic 
cholecystectomy, administration of pregabalin 600 mg 
orally, divided in two preoperative doses, significantly 
reduced post-operative pain and opioid requirements, 
however did lead to greater incidence of dizziness34. 
Gabapentin, a GaBa analogue used widely in the 
treatment of neuropathic pain, is another medication 
which has recently been shown to improve post-
operative pain specifically in patients undergoing 
laparoscopic cholecystectomy. in a randomized 
controlled study, patients receiving Gabapentin 300 
mg two hours before laparoscopic cholecystectomy 
were found to have significantly lower postoperative 
pain and fentanyl requirements when compared to 
subjects receiving tramadol 100 mg or placebo35.

surgical technique has also been studied with 

regard to its effects on postoperative pain after 
cholecystectomy. one study investigated whether 
active aspiration of subdiaphragmatic gas verses 
simple evacuation reduced pain after laparoscopic 
cholecystectomy. study outcomes were based on 
postoperative analgesic requirement and level 
of abdominal and shoulder pain after 24 hours. 
investigators found that the simple evacuation group 
had higher use of analgesics and experienced more 
abdominal and shoulder pain than the active aspiration 
group36. Additionally, the use of warm, humidified 
insufflation was found to reduce pain after laparoscopy. 
these conclusions were drawn from seven randomized 
controlled studies on adults undergoing elective 
laparoscopic cholecystectomies in which the exposure 
groups had warm, humidified insufflation and the 
control groups had standard, cold dry carbon dioxide. 
The group exposed to warm, humidified insufflation 
had lower pain scores on the vas and decreased 
morphine usage37. all of these studies suggest that 
modification of the surgical technique with respect 
to insufflation can significantly impact postoperative 
analgesia.

another study investigating surgical technique and 
postoperative pain in cholecystectomies demonstrated 
that the number of ports had a significant impact on 
postoperative pain and analgesic requirements. in 
the prospective trial, patients were randomized to 
undergo elective surgery with either the conventional 
4-port laparoscopic cholecystectomy or a single-port 
cholecystectomy. after surgery, postoperative pain on a 
visual analogue scale and analgesic use were measured, 
and the single port group had significantly lower pain 
scores and analgesic use (9 of 24 in single port group 
versus 19 of 25 in the four-port group; P = 0.007)38. 
similar conclusions were found in another study that 
compared a new surgical technique of a single incision 
laparoscopic colectomy with a conventional multiple 
incision colectomy. Patients in the single incision 
group had lower pains scores, shorter hospital stays, 
and improved cosmetic outcomes39.

Furthermore, another study examined whether 
the port location that was used for gallbladder removal 
had any impact on postoperative pain scores. over a 
six-month period, adult patients who were scheduled 
to undergo elective laparoscopic cholecystectomies 



M.E.J. ANESTH 23 (2), 2015

143Pain Control in Gastrointestinal surGery

were randomized into two groups: those who had 
gallbladder retrieval through the epigastric port and 
those who had it through the umbilical port. those 
who had gallbladder removal from the umbilical port 
were found to have less pain after 24 hours40.

Finally, another modality of surgical technique 
that has been studied with regard to postoperative pain 
outcomes is intraperitoneal administration of local 
anesthesia (IP-LA) either during or after laparoscopic 
cholecystectomy. A meta-analysis of IP-LA on 
postoperative abdominal pain outcomes in laparoscopic 
cholecystectomies reports a significant improvement 
in 50% of the cases and a quicker hospital discharge. 
local anesthesia resulted in a smaller reduction in 
pain when a PCa was also used41. Perioperative pain 
control during cholecystectomy, therefore, appears to 
have the potential to be optimized by a wide variety of 
analgesic and surgical techniques.

Colectomy

More than 250,000 colorectal resections are 
performed annually in the united states, and up to 
35% of these will develop a complication. Colorectal 
surgeries encompass vein inflammation (hemorrhoids), 
fissures, fistulas, cancers, and inflammatory bowel 
disease. Postoperative pain is a major contributor 
to increased hospitalization, morbidity and patient 
satisfaction after colorectal surgery.

as in other gastrointestinal surgeries, the effect 
of epidural analgesia on postoperative pain after 
colorectal surgery is a subject of several recent studies. 
A recent meta-analysis of colorectal surgery patients 
demonstrated that epidural placement was associated 
with improved analgesia as judged on a visual 
analogue scale when compared with parenteral opioid 
analgesia42. Postoperative ileus was 36 hours shorter 
on average in the epidural groups with the exception 
of one study included in the analysis. However, the 
primary outcome of the study was length of hospital 
stay, which was not different between the two groups. 
not surprisingly, higher rates of urinary retention, 
arterial hypotension, and pruritus were found in the 
epidural group. The study did not find a difference 
in anastomotic leakage rates regardless of the type of 
postoperative analgesia43.

the utilization of epidural analgesia in colorectal 
surgery, however, is controversial due to possible 
effects on postoperative bowel function. epidural 
analgesia invariably leads to increased fluid loading 
due to the associated hypotension, which appears 
to have an impact in bowel procedures. one study 
demonstrated an increased length of stay in patients that 
received higher amounts of fluid during elective colon 
surgery. Gastric emptying was delayed for solid and 
liquids 56 and 52 minutes, respectively, in the group 
who received liberal amounts of fluid versus a group 
who had their fluids restricted44. However, in one study, 
when patients received intrathecal pain management 
(which acts neuraxially like epidural analgesia), 
hypotension developed but was not managed with 
fluid administration. These patients were compared to 
those not receiving intrathecal therapy and there was 
no observed difference in return of bowel function or 
postoperative complications45. Another meta-analysis 
came to the conclusion that epidural local anesthetics 
led to improved pain control as well as faster return 
of bowel function than opioids, whether administered 
systemically or epidurally46. Postoperative ileus 
was shorter in patients receiving epidural analgesia; 
however, prolonged ileus, defined as first bowel 
movement after postoperative day 7, occurred with 
equal frequency47. Patients with prolonged ileus were 
more likely to have multiple comorbidities. in this 
study, as well as others, time to hospital discharge was 
not decreased in patients receiving epidural analgesia.

surgical technique has also been studied with 
respect to effects on postoperative pain after colorectal 
surgery. studies have found that colonic motility and 
patient condition improve more rapidly following 
laparoscopic assisted sigmoid colectomy (lasC) 
compared to an open procedure, although there were 
no differences in nausea, bowel sounds, or abdominal 
pain48. another study compared a new surgical 
technique of a single incision laparoscopic colectomy 
with a conventional multiple incision colectomy. 
Patients in the single incision group had lower pains 
scores, shorter hospital stays, and improved cosmetic 
outcomes39. Perioperative pain control during 
colectomy, therefore, appears to have the potential 
to be optimized by a wide variety of analgesic and 
surgical techniques.
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Appendectomy

the laparoscopic appendectomy is one of the 
most common procedures performed in the united 
states, for acute appendicitis and on an emergent 
basis in the setting of abscess or peritonitis. With over 
270,000 appendectomies performed annually in the 
united states, postoperative pain control represents a 
significant barrier to discharge and patient satisfaction.

as in other gastrointestinal surgeries, surgical 
technique may impact postoperative pain. Conventional 
laparoscopic appendectomies are performed using 
10-mm sized ports; however, there has been a recent 
increase in use of smaller laparoscopic scopes, including 
5- and 2-mm sizes. While smaller ports may lead to 
less postoperative pain, there are significant limitations 
to their use. these ports can limit the Co2 flow rate 
and lessen the ability to coagulate during instances of 
bleeding. studies have demonstrated that those patients 
of increasing age or with a history of abdominal 
surgeries may be predisposed to requiring larger ports49.

a surgical technique being studied is the use 
of a single-port laparoscopic approach. The primary 
advantage of single-port laparoscopic appendectomy 
(sPla) is that it requires only a single incision at the 
umbilicus, which reduces incisional pain and creates 
better cosmetic effects without the need for open and 
invasive techniques. Conventional laparoscopy, which 
uses 3 ports, tends to have longer operative times and 
less desirable perioperative outcomes compared to 
sPla50,51.

since the vast majority of appendectomies 
performed in the united states are done laparoscopically 
with small incisions, the use of epidural analgesia is 
very rate. interestingly, Bupivacaine, which is often 
administered via an epidural injection to reduce 
postoperative pain in surgical procedures, was 
studied in the form of wound infiltration to reduce 
postoperative pain after appendectomies. the use of 
preincisional 0.5% bupivacaine infiltration in single-
incision laparoscopic appendectomy (SILS-A) was 
found to reduce postoperative pain compared to the 
conventional laparoscopic approach52. therefore, 
variables in surgical technique and analgesic modalities 
have impacts on the optimization of perioperative pain 
control for appendectomy.

Conclusion

Postoperative pain is widely considered a 
significant public health concern in the United States 
and abroad and its under-treatment impacts morbidity, 
patient satisfaction and hospital costs significantly. 
Poorly managed perioperative pain can lead not only 
to suffering in the immediate postoperative period, but 
has also been shown to contribute to the development 
of long term psychological distress and even chronic, 
postsurgical pain requiring medical attention well 
beyond the perioperative period [Cohen 2013].

surgeries of the gastrointestinal tract present 
unique challenges to the clinician in both preventing 
and managing post-operative pain. Surgical techniques, 
the necessity of larger incisions and the possibility of 
surgically related ileus complicate both the prevention 
and management of pain. in addition, there exists great 
variability in the timing and types of analgesic therapies 
that may be utilized to help manage pain throughout 
the entire perioperative period. though much research 
has been devoted in the past several years to addressing 
possible surgical, medical and anesthetic techniques to 
improve postoperative pain in general, there is a dearth 
of literature on pain management addressing the specific 
challenges encountered in gastrointestinal surgery.

Given the high prevalence of gastrointestinal 
surgeries, and the potential for increased incidence 
along with the aging of the united states population, 
further outcomes and comparative research studies 
in perioperative pain control specifically addressing 
these procedures are warranted. Based on available 
evidence, it is clear that both surgical and analgesic 
variables may impact pain control. in particular, 
there is consistent evidence supporting the practice 
of less invasive surgical manipulation and the 
utilization of epidural analgesia for certain types of 
gastrointestinal procedures. the role of multimodal 
analgesia, with medications and interventions used 
together, also appears to optimize perioperative pain 
control in certain types of gastrointestinal surgeries. 
nevertheless, large randomized controlled studies are 
warranted to help further elucidate the role of novel 
multimodal approaches to perioperative pain control in 
gastrointestinal surgery to benefit patients well beyond 
the immediate postoperative period.
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Abstract

Background: preoperative evaluation of surgical patients is important, as perioperative 
complications are associated with increased mortality. specialties including anesthesiology, internal 
medicine, cardiology, and surgery are involved in the evaluation and management of these patients. 
this institutional study investigated the residents’ knowledge of the 2007 american College of 
Cardiology/american heart association (aCC/aha) guidelines on perioperative evaluation of 
patients undergoing non-cardiac surgery.

Methods: this pilot study used a web-based survey questionnaire to assess resident’s 
knowledge of the 2007 aCC/aha guidelines through individual steps and corresponding branch 
point(s) in twelve clinical scenarios. additionally, residents were asked if they were aware of, or if 
they had received lectures on aCC/aha guidelines. staff anesthesiologists with training in cardiac 
and intensive care medicine validated the scenarios.

Results: a total of 104 resident participants were surveyed including 35 anesthesiology 
residents, 41 internal medicine residents, 20 surgery residents, and 8 cardiology fellows. awareness 
of the 2007 aCC/aha guidelines by specialty was: anesthesiology (85%), internal medicine 
(97.6%), cardiology (100%), and surgery (70%). only 54.3% of anesthesiology, 31.7% of internal 
medicine, 100% of cardiology, and 10% of surgery residents stated they received lectures. the 
overall mean score achieved on the eleven scenarios was 50.4% for anesthesiology, 47.0% for 
internal medicine, 55.7% for cardiology, and 42.3% for surgery.

Conclusions: although the majority of residents were aware of the 2007 aCC/aha 
guidelines, fewer received lectures and regardless of specialty, implementation of these guidelines 
was poor. There exists significant room for improvement in the understanding of preoperative 
assessment of non-cardiac surgery patients.
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Introduction

preoperative evaluation of surgical patients is 
critically important as perioperative complications 
are associated with increased costs and mortality1,2. 
the american College of Cardiology (aCC) and 
american heart association (aha), beginning in 
1980, jointly established evidence-based guidelines 
to systematically facilitate cardiac evaluation in 
non-cardiac surgery patients. numerous specialties 
including anesthesiology, cardiology, internal 
medicine and surgery are involved in the evaluation 
and management of patients undergoing surgery and 
thus should have facile and comprehensive knowledge 
of these guidelines. for this reason, we decided to 
investigate the residents’ knowledge, amongst the 
aforementioned specialties at our institution, of the 
2007 aCC/aha guidelines on perioperative cardiac 
management for patients undergoing non-cardiac 
surgery.

Methods

after institutional iRB approval 
(iRB#036612B3x) was obtained, we developed a 
pilot study at our institution using a web-based survey 
questionnaire to assess residents’ knowledge of the 
2007 aCC/aha guidelines on preoperative cardiac 
evaluation of patients undergoing non-cardiac surgery. 
Residents from anesthesiology, cardiology, internal 
medicine and general surgery were asked to complete 
this questionnaire (appendix). each resident was asked 
to identify which specialty they belonged to and level 
of training they were at, whether they were aware of 
the 2007 aCC/aha guidelines and if they had lectures 
on these guidelines. additionally, they were asked to 
answer twelve clinical scenarios developed to test their 
knowledge of each possible step and its corresponding 
branch point(s) of the 2007 aCC/aha algorithm.

Appendix
Questions:
1. What is your area of specialization?

a. Anesthesiology
b. Internal Medicine
c. Cardiology
d. General Surgery

2. Which year of training are you in?
e. If selected Anesthesiology – will have the 

following choices
i. PGY-1
ii. CA1
iii. CA2
iv. CA3
v. Fellow
vi. Other:
f. If selected Internal Medicine
i. PGY-1
ii. PGY-2
iii. PGY-3
g. If selected Cardiology
i. Fellow – first year
ii. Fellow – second year
iii. Fellow – third year
iv. Other:
h. If selected Surgery
i. PGY-1
ii. PGY-2
iii. PGY-3
iv. PGY-4
v. PGY-5
vi. PGY-6
vii. Other:

3. Are you aware that there are guidelines for the 
preoperative evaluation of noncardiac surgery patients (e.g. 
2007 ACC/AHA guidelines)?

i. Yes
j. No

4. Have you had any formal lectures or teaching that 
reviewed these guidelines?

k. Yes
l. No

5. Scenario 1:
a 58-year-old man with uncontrolled hypertension, CKd stage 
iii, and insulin-dependent diabetes mellitus with a hgba1c 
of 10.7, who recently went to his primary care physician for 
complaints of worsening chest pain presents after being involved 
in a motor vehicle accident and is found to be hypotensive with 
significant abdominal ecchymoses with positive peritoneal 
lavage.
the most appropriate next step would be to:

1. patient should undergo cardiac stress testing prior 
to surgery
2. start patient on a β-blocker for heart rate control 
and proceed with surgery
3. patient should go immediately to surgery
4. patient needs cardiac catheterization prior to 
surgery
5. patient needs a 2-d echocardiogram

6. Scenario 2:
a 71-year-old woman with hypertension, diabetes, right 
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upper extremity weakness with cervical stenosis, and renal 
insufficiency with Cr = 2.4 mg/dL comes for pre-operative 
evaluation for anterior cervical discectomy and fusion. she 
reports that she has been experiencing worsening chest pain and 
shortness of breath over the past week while gardening outside.
the most appropriate next step would be to:

1. allow patient to proceed with surgery
2. patient can proceed with surgery if her pre-
operative eKG is normal
3. start patient on a β-blocker for heart rate control 
and proceed with surgery
4. patient should have cardiac stress testing prior to 
surgery
5. patient should get cardiac catheterization prior to 
surgery

7. Scenario 3:
a 59-year-old man with hypertension, diabetes, and Chf 
presents for pre-operative evaluation for inguinal hernia repair.
he reports having light-headedness and palpitations. physical 
exam reveals irregular pulse and crackles on lung auscultation.
the most appropriate next step would be to:

1. allow patient to proceed with surgery
2. patient can proceed with surgery if his pre-operative 
eKG is normal
3. patient should undergo additional medical testing 
prior to surgery
4. start patient on a β-blocker for heart rate control 
and proceed with surgery
5. patient should get cardiac catheterization prior to 
surgery

8. Scenario 4:
a 69-year-old man with hypertension, diabetes and osteoarthritis 
presents for pre-operative evaluation for total left knee 
replacement. he complains of worsening shortness of breath 
on exertion and has been awaking at night gasping for air. on 
exam, there is a diastolic murmur at the left sternal border and 
head nodding synchronous with the heartbeat.
the most appropriate next step would be to:

1. allow patient to proceed with surgery
2. patient can proceed with surgery if her pre-
operative eKG is normal
3. start patient on a b-blocker for heart rate control 
and proceed with surgery
4. patient should have echocardiography testing prior 
to surgery
5. patient should get cardiac catheterization before 
pre-operative evaluation can be completed

9. Scenario 5:
a 78-year-old man with poorly controlled hypertension and 
diabetes, hyperlipidemia, and osteoarthritis is scheduled for 
a lipoma excision. he takes morning walks and works in his 

garage without any difficulty.
the most appropriate next step would be to:

1. allow patient to proceed with surgery
2. patient can proceed with surgery if her pre-
operative eKG is normal
3. start patient on a b-blocker for heart rate control 
and proceed with surgery
4. patient should undergo cardiac stress testing prior 
to surgery
5. patient needs medical management of hypertension 
and diabetes prior to surgery

10. Scenario 6:
a 51-year-old man with history of smoking, gastroesophageal 
reflux, poorly controlled diabetes, and prior MI 3 months ago 
comes to the pre-operative clinic in preparation for a hiatal 
hernia repair. in the mornings, he walks with his wife for 30 
minutes several times around the block without any difficulty.
the most appropriate next step would be to:

1. patient can proceed with surgery if his pre-operative 
eKG is normal
2. start patient on a b-blocker for heart rate control and 
proceed with surgery
3. allow patient to proceed with surgery
4. patient should undergo cardiac stress testing prior to 
surgery
5. patient needs medical management of diabetes prior to 
surgery

11. Scenario 7:
a 69-year-old woman with long-standing diabetes, prior 
transient ischemic attack without residual deficits, and chronic 
renal insufficiency with Cr = 2.2 mg/dL presents for pre-
operative evaluation for subtotal colectomy and ileostomy 
secondary to recurrent bleeding from diverticulosis. she is able 
to go up stairs to her bedroom; however, she must take short 
breaks to catch her breath.
the most appropriate next step would be to:

1. patient can proceed with surgery if her pre-
operative eKG is normal
2. start patient on a b-blocker for heart rate control 
and proceed with surgery
3. allow patient to proceed with surgery
4. patient must undergo cardiac stress testing prior 
to surgery
5. patient needs medical management of diabetes 
prior to surgery

12. Scenario 8:
a 53-year-old obese man with osteoarthritis and 35-pack year 
smoking history is scheduled for left knee replacement. he has a 
family history of stroke and his father died of an mi at 49 years 
of age. pre-operatively his Bp is 160/87 mm hg.
the most appropriate next step would be to:
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1. patient can proceed with surgery if his pre-operative 
eKG is normal
2. start patient on a b-blocker for heart rate control 
and proceed with surgery
3. patient should undergo cardiac stress testing prior 
to surgery
4. patient needs medical management of hypertension 
prior to surgery
5. allow patient to proceed with surgery

13. Scenario 9:

a 79-year-old woman with uncontrolled diabetes, CKd stage 
ii, nyha class iii Chf, and peripheral artery disease who is 
scheduled for a femoral to popliteal bypass due to worsening 
claudication. patient’s pre-operative Bp is 144/78 mm hg and 
hR is 82 bpm.

the most appropriate next step would be to:
1. patient can proceed with surgery if his pre-operative 
eKG is normal
2. start patient on a b-blocker for heart rate control 
and proceed with surgery
3. patient needs medical management of diabetes 
prior to surgery
4. patient must undergo additional cardiac testing 
prior to surgery
5. allow patient to proceed with surgery

14. Scenario 10:
a 86-year-old man with 30-pack-year smoking history, mi 3 
years ago, poorly controlled diabetes, and claudications resulting 
from peripheral vascular disease is found to have a pulsatile 
abdominal mass. Ct imaging shows a 6.7-cm abdominal aortic 
aneurysm. patient’s pre-operative Bp is 132/84 mm hg and hR 
is 82 bpm.
the most appropriate next step would be to:

1. patient can proceed with surgery if his pre-operative 
eKG is normal
2. start patient on a b-blocker for heart rate control and 
proceed with surgery
3. patient needs medical management of diabetes prior to 
surgery
4. patient must undergo additional cardiac testing prior 
to surgery
5. allow patient to proceed with surgery

15. Scenario 11:
a 63-year-old man with history osteoarthritis, 30-pack-year 
smoking history, and claudications from advanced peripheral 
vascular disease is scheduled for a Whipple secondary to 
pancreatic carcinoma.
the most appropriate next step would be to:

1. patient can proceed with surgery if his pre-operative 
eKG is normal

2. start patient on a b-blocker for heart rate control and 
proceed with surgery
3. surgery should be cancelled if patient continues to 
smoke
4. patient should undergo additional cardiac testing prior 
to surgery
5. allow patient to proceed with surgery

We believe that to fully evaluate knowledge 
of these guidelines, each step should be evaluated, 
including patients requiring emergency surgery. 
additionally, we presented several case scenarios 
in which residents had to identify several conditions 
considered as “active” as well as how functional 
capacity and clinical risk factors influenced medical 
management of patients undergoing intermediate 
and high-risk vascular surgeries. in addition to 
anesthesiologists, internists, cardiologists, we chose to 
include surgical residents, since they are also involved 
in the preoperative assessment of patients.

a formal cover letter describing the study’s goals 
along with the web-based survey link was sent to the 
program coordinator of each respective department. 
this was forwarded to the residents for their 
participation. the cover letter stated that participation 
was completely voluntary and that lack of participation 
would have no influence on their residency status. Each 
residency program director was met with in person 
to discuss the details of the study and we asked for 
them to follow up with the residents during afternoon 
conferences and through reminder emails asking for 
increased resident participation.

the creation of the clinical scenarios was a 
collaborative effort amongst several anesthesiologists 
including our residency program director (eJC), chief 
of anesthesia services (sff), a fellowship-trained 
critical care medicine and heart failure anesthesiologists 
(vp) and a fellowship-trained cardiac anesthesiologist 
(RnK). the clinical scenarios were considered 
accurate in their presentation of a patient requiring 
emergency surgery, inclusion of appropriate clinical 
risk factors and active conditions as defined by the 
2007 aCC/aha guidelines, functional capacity and 
risk of surgery. each clinical scenario corresponded 
one of the five steps and its branch point(s) in the 2007 
aCC/aha algorithm (figure 1).
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seven corresponded to step 5 of the algorithm with 
a patient of unknown functional capacity, no active 
conditions, and three clinical risk factors going for 
intermediate risk surgery. scenario eight corresponded 
to step 5 of the algorithm with a patient with no active 
conditions, unknown functional capacity and no 
clinical risk factors going for intermediate risk surgery. 
finally, scenarios nine, ten, and eleven corresponded 
to step 5 of the algorithm with patients with no active 
conditions, unknown functional capacity, going for 
high-risk surgery who have three, two and no clinical 
risk factors respectively.

The first scenario corresponded to step 1 of 
the algorithm identifying a patient who required 
emergency surgery. the second through fourth 
scenarios corresponded to step 2 of the algorithm 
identifying patients with active conditions including 
unstable angina, atrial fibrillation and severe aortic 
valve disease. Scenario five corresponded to step 3 of 
the algorithm with a patient presenting without any 
active conditions going for low risk surgery. scenario 
six corresponded to step 4 of the algorithm with a 
patient with no active conditions going for intermediate 
risk surgery whose functional capacity was greater 
than four metabolic equivalents (mets). scenario 

Resident implementation of the aCC/aha pReopeRative Guidelines

Fig. 1 
The 2007 ACC/AHA guideline algorithm
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Results

a total of 104 resident participated in the survey, 
including 35 anesthesiology residents (34%), 41 
internal medicine residents (39%), 20 surgery residents 
(19%), and 8 cardiology fellows (8%). among the 
anesthesiology residents, 6 pGy-1s, 9 Ca-1s, 10 Ca-
2s, and 10 CA-3s responded; 68.6% of total number 
of anesthesiology residents. there were three 1st year 
cardiology fellows, four 2nd year fellows and one 3rd 
year fellow who responded; 66.7% of total number 
of cardiology fellows. among internal medicine 
residents, 10 pGy-1s, 18 pGy-2s, and 13 pGy-3s 
replied; 41.4% of total number of internal medicine 
residents. finally, among surgery residents, 5 pGy-1s, 
7 pGy-2s, 1 pGy-3s, 4 pGy-4s, 2 pGy-5s, and 1 pGy-7 
responded; 37.7% of total number of surgery residents. 
Residents were asked about their awareness of the 
2007 aCC/aha preoperative guidelines and whether 
they had received specific lectures discussing these 
guidelines and their application in the evaluation of 
non-cardiac surgery patients (table 1). most residents 
were aware of the 2007 aCC/aha guidelines while a 
substantially lower number received lectures on them. 
When comparing outcomes of both Anesthesiology 
and internal medicine residents between those who 
received lectures and those who had not, a slight 
improvement, 3% and 5% respectively, was seen 
although not statistically significant (p = 0.3 and p = 
0.24, respectively). this comparison cannot be done 
with the cardiology fellows as 100% stated they 
received lectures and the surgical group would not be 
a valid comparison as only two residents stated they 
received lectures while 18 did not. the mean scores 
correct for all clinical scenarios between specialties 
are listed in Table 2. A statistical significance was 
seen between specialties (p = 0.012) with cardiology 
fellows performing the best. since anesthesiology 
and internal medicine had enough statistical power, 
further analysis between clinical training level and 
percent correct was done (table 3). although a trend 
towards better scores were seen with increased level 
of training, it was not statistically significant, with p 
= 0.33 and p = 0.06 respectively (Table 3). The eleven 
clinical scenarios were subdivided into two groups: 
scenarios 1-5 and scenarios 6-11. this was done as a 
large variation in percent correct between these two 

groups was noted and reached statistical significance 
p=0.0098, (Table 2).

Table 1 
Awareness of and Receiving Lectures on the 2007 ACC/AHA 

Guidelines

Specialty Yes No

Awareness of Guidelines

anesthesiology, n (%) 30 (85.7) 5 (14.3)

internal medicine, n (%) 40 (97.6) 1 (2.4)

Cardiology, n (%) 8 (100) 0 (0)

surgery, n (%) 14 (70) 6 (30)

totals, n (%) 92 (88.5) 12 (11.5)

Lectures

anesthesiology, n (%) 19 (54.3) 16 (45.7)

internal medicine, n (%) 13 (31.7) 28 (68.3)

Cardiology, n (%) 8 (100) 0 (0)

surgery, n (%) 2 (10) 18 (90)

totals, n (%) 42 (40.4) 62 (59.6)

Table 2 
Mean (%) correct of clinical scenarios

specialty Clinical 
scenarios 

1-11 
mean (%) 

Correct

Clinical 
scenarios 1-5 

mean (%) 
Correct

Clinical 
scenarios 

6-11 
mean (%) 

Correct
anesthesiology 50.4 84.6 21.9
internal medicine 47.0 77.1 21.9
Cardiology 55.7 82.5 33.3
surgery 42.3 77.0 13.3

Table 3 
Mean (%) correct of clinical Scenarios by training year

Specialty PGY-1 PGY-2 PGY-3 PGY-4

anesthesiology 46.9 48.5 50.0 54.5
internal 

medicine 39.1 51.5 46.9

Discussion

nearly 27 million anesthetics are delivered yearly 
in which a staggering 1 million patients will experience 
perioperative cardiac complications. approximately 8 
million patients have known coronary artery disease 
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or cardiac risk factors and 50,000 patients will suffer 
a perioperative myocardial infarction. These figures 
equate to 20 billion dollars in increased costs3-7. 
preoperative evaluation of surgical patients is critically 
important and relies upon close collaboration amongst 
physicians from multiple specialties8. evaluation is 
not done to provide clearance for surgery but rather 
to provide further clarification of a patient’s current 
medical condition, assess cardiac risk to guide 
peri-operative care and provide optimal medical 
management such that cardiac risk may be reduced2-7. 
there are clear associations between surgical 
procedures and adverse perioperative outcomes which 
is why a command of perioperative cardiac guidelines 
by physicians involved in the care of surgical patients, 
regardless of their specialty, is so vitally important8.

An internist or surgeon is typically the first to 
encounter patients requiring surgical management. 
the role of the surgeon goes beyond devising a 
surgical plan for the patient but to also ensure that 
proper preoperative planning and consultation takes 
place such that perioperative risks are identified and 
minimized. in the inpatient setting, surgical patients 
are typically seen by either cardiology or internal 
medicine consultants who are expected to optimize 
and “clear” a patient prior to surgery. typically, the 
anesthesiologist will encounter their patients the 
morning of surgery and within a very brief period of 
time are responsible for synthesizing all the medical 
information and testing and have to make a decision 
regarding whether the patient may proceed safely with 
surgery. it is not uncommon that patients are improperly 
evaluated and present with either poorly controlled 
chronic medical problems or acute pathology which 
either went unrecognized, typically by midlevel 
providers, or whose perioperative significance is 
unknown. this leaves the anesthesiologist in a highly 
undesirable situation where the pressures to proceed 
with surgery conflict with that of patient safety. This 
undoubtedly creates further stress on the patient as 
they wait for a decision to be made whether it is safe 
for them to proceed with surgery, resulting in poor 
patient care.

due to increased healthcare costs, there is trend 
by hospitals to rely on phone interviews conducted 
by midlevel providers for preoperative patient 

evaluation9. thorough patient evaluation cannot be 
conducted in this manner as there are often gaps in 
patients’ understanding of their own medical problems 
and a disconnect between what constitutes relevant 
signs or symptoms by a patient and the health care 
provider conducting the interview. this further 
emphasizes the importance of directly conducting 
a detailed history and physical examination and 
medical evaluation. additionally, evaluation of a 
patient’s functional capacity is an important step in 
the aCC/aha guidelines. providers who lack a more 
comprehensive understanding of the relationship 
between functional capacity and clinical risk factors 
may not be able to delineate reduced functional 
capacity due to, for example, osteoarthritis from that 
of poorly controlled cardiopulmonary disease. it is 
unclear if this trend shows any cost benefits or whether 
higher surgical cancellation rates are seen, however 
several studies have shown that preoperative patient 
evaluation does indeed reduce costs and the number 
of cancellations9-11.

medical guidelines are ubiquitous amongst 
all specialties. they provide a framework for which 
physicians can approach medical illnesses and in most 
instances are evidence-based. lack of knowledge of 
guidelines amongst residents is not just a problem 
in anesthesiology but spans the entire medical 
profession12-14. Karakousis et al., conduced a survey 
of u.s. medical resident familiarity with tuberculosis 
guidelines. they found that the median percent of 
questions answered correctly was 55% and most 
importantly there was not a significant increase in 
knowledge with increasing post-graduate years of 
training. furthermore, agrawal et al. conducted a 
survey of internal medicine residents to evaluate their 
knowledge of chronic kidney disease (CKd) and its 
management. they found that over 33% of residents 
did not know how to stage CKd and aside from 
traditional risk factors like hypertension and diabetes, 
a significantly lower percentage of residents knew 
that obesity, age and african american race were also 
risks factors. like Karakousis et al, this study found 
that additional post-graduate experience did not result 
in meaningful improvement in knowledge5. a study 
by hoeks et al., applied the aCC/aha guidelines 
retrospectively to patients undergoing peripheral 
vascular surgery. they found that patients in whom 
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the guidelines were inappropriately applied received 
the same amount of evaluation as those patients 
undergoing low-risk surgery. hence, lack of guideline 
knowledge resulted in less use of cardioprotective 
medications like b-blockers8. these studies along with 
ours demonstrate that clinical experience is indeed 
not enough on its own to provide a comprehensive 
knowledge of specialty specific guidelines.

in our study, there was a large variation in 
awareness of the 2007 aCC/aha preoperative 
guidelines for patients undergoing non-cardiac surgery. 
although 100% of cardiology fellows were aware of 
these guidelines only 70% of surgery residents were 
(table 1). although all cardiology fellows stated 
they had lectures specifically discussing the 2007 
aCC/aha guidelines, 54.3% of anesthesiology 
residents, 31.7% of internal medicine residents, and 
only 10% of surgery residents stated they received 
such lectures (table 1). as mentioned earlier, only a 
slight, non-statistically significant improvement (3-
5%) in questions correctly answered was seen among 
the anesthesiology and internal medicine residents 
who stated they received lectures. the eleven clinical 
scenarios were divided into two groups, scenarios 1-5 
(steps 1-3 of algorithm) and scenarios 6-11 (steps 4-5). 
The first five scenarios focused on whether residents 
could identify that: patients requiring emergency 
surgery should proceed to the operating room without 
delay and that patients with active conditions including 
unstable angina, severe valvular disease or arrhythmias 
should not proceed with surgery but rather undergo a 
thorough medical evaluation. among all specialties, 
the residents correctly answered the first group of 
scenarios with a mean score of 80.3%. the residents 
answered the second group of scenarios with a mean 
score of 22.6% (table 2). this can be explained as the 
second group of clinical scenarios required residents 
to have a deeper understanding of the 2007 aCC/aha 
guidelines and how functional capacity, risk of surgical 
procedures, and clinical risk factors govern the level 
of preoperative workup required before surgery 
should take place. it is safe to say that even without 
the knowledge of the 2007 aCC/aha guidelines, 
residents can appreciate both the need to proceed with 
emergency surgery and that patients who are acutely 
decompensated require further medical evaluation.

Concerns about cancellations and surgical 
delay, medico-legal liabilities and beliefs that “other” 
physicians want certain tests or evaluations to be 
completed has lead to increased waste, costs, utilization 
of resources, morbidity, and lack of proper preoperative 
evaluation15. hence, guidelines provide for a more 
systematic approach to patient evaluation; however 
poor adherence is multifactorial and is attributed to 
lack of awareness, perpetuation of old practice habits, 
personal preferences, and administrative constraints8,15.

although much effort was made by all programs 
and their coordinators, resident participation was less 
than desirable, which significantly limited the power of 
our study. another limitation was given that our study 
was conducted via a web-based survey; residents could 
theoretically collaborate in answering the questions. 
We felt however that if this occurred, it would be 
amongst a minimal number of residents. additionally, 
the honor code should act as a sufficient reminder that 
accurate results were desired so that the assessment 
of the deficiencies in resident knowledge could take 
place and appropriate modifications in resident 
education could be made. despite these limitations, it 
is clear that much improvement needs to be made in 
educating residents about preoperative management 
of non-cardiac surgery patients. even though residents 
receiving lectures did slightly better overall, it is likely 
that the number, depth and application of the 2007 
aCC/aha guidelines in the form of problem-based 
learning could improve overall performance. Clinical 
training by itself arguably increases a resident’s ability 
to evaluate and manage patients but as our study and 
others have shown2,16-24, it is neither a substitute or 
sufficient in producing physicians with comprehensive 
skills in preoperative patient management.

Conclusions

although the majority of residents were aware 
of the 2007 aCC/aha guidelines, implementation of 
these guidelines was poor. despite increased training 
there was no significant difference in residents’ ability 
to apply the 2007 aCC/aha guidelines appropriately. 
There exists significant room for improvement in 
the understanding of preoperative assessment of 
non-cardiac surgery patients amongst all specialties 
involved in the care of these patients.
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Pseudocholinesterase deficiency in a 
octogenarian undergoing total intravenous 

anesthesia; imPlications  
for neuromonitoring

Matthew wecksell* and deMetri koutsospyros**

Abstract

Pseudocholinesterase deficiency manifests as prolonged motor blockade after the 
administration of succinylcholine. A previously unknown homozygous form of the disease, became 
apparent during a lumbar laminectomy seriously limiting the ability to monitor motor evoked 
potentials and perform electromyelography (EMG). Moreover, concerns were raised as to how 
the enzyme deficiency would affect the metabolism of remifentanil and other esters during a total 
intravenous anesthetic. We present the perioperative management of the patient and a literature 
review of the syndrome.

The patient provided written permission for the authors to publish this report. At our institution, 
IRB review and approval is not required for a single case report.

Introduction

A major anesthetic concern in caring for patients undergoing spine surgery with pedicle 
screw placement is the ability to obtain optimal motor, sensory, and EMG evoked potentials. Our 
patient was diagnosed intraoperatively with a pseudocholinesterase deficiency, which, due to the 
administration of succinylcholine, prevented both the monitoring of motor, and EMG evoked 
potentials, and which precluded an immediate postoperative neurologic assessment of the patient.

Case Presentation

An 89 year old female presented with chronic back pain and spinal stenosis for an L2 – S1 
laminectomy and fusion. She gave a history of elevated serum cholesterol, type II diabetes, and 
hypertension. In recent years, she had undergone surgeries on her right thumb and breast which 
were both uneventful and likely performed without muscle relaxation with succinylcholine. A half-
century prior she had two other surgeries: a total abdominal hysterectomy and an appendectomy, 
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after both of which she described being “sleepy and 
hard to wake up.” Owing to the ensuing 50 year time 
interval, the patient was unable to provide any further 
detail or records about those procedures.. She had 
stated allergies to aspirin and penicillin.

The patient was brought to the operating room, and 
after sedation with fentanyl and midazolam, anesthesia 
was induced with propofol and succinylcholine. her 
trachea was easily intubated, and infusions of propofol 
and remifentanil were immediately started for the 
maintenance of anesthesia. She was soon placed in 
the prone position, at which time multiple electrodes 
were placed to enable neurophysiologic monitoring of 
somatosensory, motor and EMG evoked potentials.

After the surgeons prepped and draped the 
surgical field, the neurophysiologist obtained baseline 
measurements. At this point, approximately forty 
minutes after induction, we were made aware that 
the patient had no peripheral motor twitches. We 
independently verified this finding with a peripheral 
nerve stimulator, and notified the surgeon that we 
had a presumptive diagnosis of pseudocholinesterase 
deficiency, which would preclude intraoperative 
motor and EMG evoked potential monitoring. As the 
patient was already anesthetized and we were able to 
obtain good baseline sensory evoked potentials, the 
surgeon made the decision to proceed with the planned 
operation.

Approximately one hour and forty five minutes 
after succinylcholine administration, we were able to 
obtain one twitch on a train of four, which is consistent 
with a diagnosis of homozygous pseudocholinesterase 
deficiency, and helped to comfirm our diagnosis. 
The procedure was concluded five hours after 
administration of succinylcholine at which time the 
patient had four ulnar twitches, with significant fade 
in twitch intensity from the first to the fourth twitch. 
We opted to bring the patient to our recovery room still 
sedated and intubated, with a plan to extubate upon the 
complete recovery of motor function.

Eight hours after our initial dose of paralytic, the 
patient had sustained tetany for longer than 5 seconds 
in response to a 100 hz stimulation, good spontaneous 
ventilatory function. her tracheawas uneventfully 

extubated. Examination at this time revealed intact 
motor and sensory function in all four extremities. She 
was discharged to a rehabilitation facility as planed 
several days postoperatively.

Discussion

Pseudocholinesterase, also known as 
butyrylcholinesterase, is one of many esterases in man. 
While its native purpose is unclear, it does interact with 
several exogenous esters. The two most commonly 
explored and publicized are succinylcholine and 
mivacurium, both of which are rapidly broken down by 
pseudocholinesterase. As such, they have been used for 
several years in the field of anesthesiology to provide 
neuromuscular blockade with a rapid onset and short 
lived effect. In our patient, succinylcholine was used 
at induction with the expectation that it would wear off 
swiftly so that monitoring of motor and EMG evoked 
potentials could proceed unhindered.

The gene which codes for pseudocholinesterase 
is the BChE gene, located on chromosome site 3q261. 
Any mutation to this gene can lead to decreased 
enzyme function and a clinical pseudocholinesterase 
deficiency. Several documented mutations have been 
found to lead to varying levels of pseudocholinesterase 
activity. At least 5 alleles are known to cause an 
easily identifiable decrease in enzyme activity2, 
with 65 named variants causing minimal to extreme 
post succinylcholine paralysis3. New alleles are 
discovered frequently, including two in 20084. While 
heterozygous mutations of this allele lead to mildly 
decreased pseudocholiesterase effect, patients who 
carry homozygous mutations show severely decreased 
pseudocholinesterase function.

In the general population approximately 4% of 
people carry at least one mutated allele of the BChE 
gene, and approximately 1:3000 are homozygous 
for abnormal alleles5. however, the incidence of 
pseudocholinesterase deficiency can vary widely 
in different populations. For example, the Vysya 
community in India has been found to have a 
homozygous mutation incidence of 2-4%5,6. Our patient 
was clearly homozygous for abnormal alleles clinically 
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although we were unable to confirm the diagnosis by 
genotyping we followed her motor function, with one 
twitch returning two hours after dosing and full power 
returning after approximately eight hours.

In a patient with a known pseudocholinesterase 
deficiency, the administration of agents dependent 
on pseudocholinesterase for metabolism can be 
avoided, thus sidestepping any potential problems. 
Unfortunately, despite reaching the age of 89 and 
having had several prior surgeries, our patient had 
not previously been diagnosed. While the surgeon 
expressed amazement at this apparent lapse, our 
lack of understanding of the native function of 
pseudocholinesterase implies that, in the absence of 
the administration of an ester drug, a person carrying 
a mutation in this gene may never receive a diagnosis. 
had we known about her condition, our initial muscle 
relaxation could have been achieved with other non 
depolarizing agents, in doses titrated to wear off prior 
to the initiation of monitoring.

Of note, is her prior anesthetic history. While it is 
impossible to know exactly which agents she received 
in the early 1960s, the description of post operative 
“sleepiness” is different from one of actual muscle 
relaxation, although lacking further narrative, delayed 
awakening might be consistent with some degree of 
continued paralysis. It is possible at that time that 
she was anesthetized with ether and succinylcholine 
was almost universally used for intubation. The 
recommended treatment for prolonged paralysis 
secondary to pseudocholinesterase deficiency is 
supportive. Patients remain apneic secondary to 
paralysis of the diaphragm, and therefore mechanical 
ventilation must be maintained until spontaneous 
respiration resumes. Given the rarity of the condition, 
there are few treatment options. however, a literature 
search provides a few possible choices, some 
theoretical, and others clinically proven.

Difficulty arises in diagnosing 
pseudocholinesterase deficiency, as our current 
screening tests are both imperfect, and seldom 
administered. Several mutations can cause clinical 
pseudocholinesterase deficiency. The mainstay of 
detection is the dibucaine number, but this is only 
effective in certain genotypes6. With genetic testing 

becoming more affordable and widespread, it is 
likely that it will completely replace the dibucaine 
number as the preferred means of detection of any 
pseudocholinesterase deficiency; at this point it is too 
expensive to consider genetic testing on everyone who 
may possibly require succinylcholine use.

Pseudocholisesterase exists in circulating plasma. 
This sparked the idea that perhaps it may still be present 
and active in stored blood or fresh frozen plasma. 
Epstein et al tested the activity of pseudocholinesterase 
in bank blood7. By measuring pre-donation 
pseudocholinesterase activity, then measuring its 
activity in that same blood after storage for 21 days 
in acid-citrate-dextrose-anticoagulant solution, the 
authors found that it only lost about 15% of its activity. 
While this was statistically significant, it was found 
not to be clinically significant, as it led to an increase in 
apneic time after succinylcholine administration from 
three minutes to 3.6 minutes8. No reason was found 
for the decreased activity, but Calloway et al theorized 
that it was due to the fact that red blood cells were 
present in the whole blood9. The data from Epstein 
et al shows that indeed, when red blood cells and 
plasma were immediately separated after donation, 
pseudocholinesterase activity remained stable6. The 
results of these studies indicate that transfusion of 
whole blood or FFP are likely viable options in treating 
prolonged paralysis secondary to pseudocholinesterase 
deficiency as such transfusions would provide the 
patient with sufficient pseudocholinesterase activity to 
metabolize the succinylcholine and end the prolonged 
paralysis.

Another logical course of action is isolating 
and administering pseudocholinesterase itself. 
Several human enzymes are commercially available 
and have been successful in treating a number of 
enzyme deficiencies. Behringwerke, a Greman 
pharmaceutical company, created a purified, 
injectable form of human psuedocholinesterase. In 
two separate studies, injection of 90-135mg of this 
preparation led to a return of spontaneous ventilation 
in 10 minutes10,11. This dose was found to have 
equivalent pseudocholinesterase activity to 500ml of 
fresh human plasma in vitro. Other pharmaceutical 
companies are attempting to find more cost efficient 
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ways to make recombinant pseudocholinesterase for 
general medical use. In 2007, one such company, 
Pharmathene, began using genetically modified goats 
to create pseudocholinesterase in large quantities12. 
By genetically modifying the animals, they were 
able to make them excrete large quantities of 
pseudocholinesterase in their milk: approximately 2-3 
grams per liter of milk.

As mentioned earlier, pseudocholinesterase 
is also responsible for the breakdown of ester local 
anesthetics including procaine, chloroprocaine, and, to 
a lesser extent, cocaine. As such, pseudocholinesterase 
deficiency is a relative contraindication to the use of 
these drugs. At least two case reports describe situations 
where epidural administration of chloroprocaine was 
prolonged, and its effects enhanced, in patients with 
low/abnormal pseudocholinesterase activity13,14. It is 
clear that pseudocholinesterase is responsible also for 
the metabolism of cocaine:, however, it has a much 
lower catalytic activity towards cocaine than it does 
towards succinylcholine15. As such, there are several 
studies on modifying pseudocholinesterase to have a 
more profound breakdown of cocaine; thus making 
it useful in treating cocaine overdoses or preventing 
cocaine’s effects proactively. One such study by Xue et 
al found that a modified pseudocholinesterase mutant 
with a high catalytic activity towards cocaine could, 
in fact, be used as described above14. Extending this 
to its theoretical conclusion, it is likely that different 
forms of synthetic pseudocholinesterase mutants could 
be created to rapidly metabolize any kind of ester.

In cases where neurophysiologic monitoring 
with motor, sensory, and EMG evoked potentials is 
necessary, it is important that the anesthetic agents 
do not interfere with said monitoring. As such, it is 
preferable that any neuromuscular blocker used is 
short acting, and will have worn off prior to incision 
so that accurate baseline neurophysiologic signals 
can be obtained. Such monitoring certainly requires 
the absence of any paralytic effect by the time the 
surgeon has finished his dissection and is ready for 
instrumentation. Similarly, it is important the use of 
volatile anesthetics are minimized as they may interfere 
with the monitoring. As such, the most commonly used 
method for these cases is a total intravenous anesthetic16 

consisting of hypnotic and analgesic infusions. One 
common regimen, used in our case, is an infusion of 
propofol and remifentanil. Propofol has a predictable 
effect on neurophysiologic monitoring; as such it does 
not significantly affect the results and interpretation of 
those results. Remifentanil has no effect on monitoring 
and provides excellent intraoperative analgesia. Most 
importantly, remifentanil has a very short context 
sensitive half time in contrast to most other opioids17. 
These properties are due to the fact that remifentanil 
is an ester and as such is broken down rapidly by 
several plasma esterases. Nelson et al described a 
case of prolonged emergence from anesthesia with 
remifentanil18. It is known that extremes of age, liver 
function, and kidney function have minimal effects on 
its metabolism19, however, it is possible that this delayed 
emergence was secondary to an esterase deficiency. 
As mentioned earlier, it is nonspecific esterases that 
are responsible for breaking down remifentanil; as 
such there are no tests for measuring their function. 
Similarly, there are no reports of a deficiency of one or 
more of these esterases in conjunction with deficiency 
of pseudocholinesterase. Perhaps as more case reports 
of delayed emergence from remifentanil arise, more 
research will be done on the esterases responsible 
for its breakdown, as well as deficiencies of those 
esterases.

Conclusion

At this time in the United States there are not 
many options for quick onset, short term paralysis 
apart from succinylcholine. In several countries 
rocuronium has replaced succinylcholine as it has 
a similar rate of onset and is completely, readily 
reversible with sugammadex. however, sugammadex 
is not currently available in the US.. Similarly, in other 
countries mivacurium can be used as it also has a fairly 
rapid rate of onset and offset. Again, mivacurium is 
no longer available in the US.. Thus, as the only short 
acting agent, the use of succinylcholine is inevitable 
in certain situations. As such, it is important that the 
possibility of undiagnosed pseudocholinesterase 
deficiency is entertained.. More studies should be done 
on the use of FFP or whole blood in treating prolonged 
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paralysis after succinylcholine administration due to 
pseudocholinesterase deficiency.

With the growing use of neurophysiologic 
monitoring, it is important that anesthesiologists take 
into account the need for accurate measurements and 
the effects different medications have on monitoring. It 
is equally important to take into account the possibility 
of conditions such as pseudocholinesterase deficiency.. 

The loss of motor potentials in a case such as the one 
presented can be catastrophic. The surgeon may be 
unable to confidently perform the surgery and ensure 
proper placement of the pedicle screws While SSEP 
monitoring can help approximate damage to the motor 
tract, there have been numerous reports of damage to 
motor tracts with no change in SSEP20.
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An Audit of the current prActices of 
AirwAy  mAnAgement in pAtients undergoing 

surgery  for AtlAnto-AxiAl dislocAtion 
in A single institution
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Abstract

Background: patients with atlanto axial dislocation (AAd) undergo stabilisation procedures 
under general anesthesia. Airway management in these patients is difficult as cervical spine 
movements during laryngoscopy can worsen spinal cord damage. Though multiple airway devices 
are used to intubate the trachea of these patients, there is no evidence of superiority of one technique 
over another. This retrospective study was designed to audit the practice of airway management 
during surgery for AAD over a 5 year period, starting from 2006 till 2011.

Methods: Patients’ demographics, airway intervention techniques, types of surgical 
procedures, postoperative neurological and respiratory deterioration were recorded from the case 
files. Association between the types of airway interventions and the postoperative neurological and 
respiratory deterioration were analysed.

Results: one hundred and six patients underwent surgery for AAd during the study period. 
Sixty one percent of the patients were intubated with the help of a fiberoptic bronchoscope (FOB) 
and among them 15% received general anesthesia to facilitate FOB. Eighteen patients developed 
neurological deterioration and 15 patients developed respiratory weakness requiring ventilation 
postoperatively. Congenital AAD patients had higher chances for extubation at the end of surgery 
when intubated using FOB (p=0.007). Among the AAD patients, female gender had significantly 
higher incidence of neurological deterioration compared to males.

Conclusion: In the current audit, there was no correlation between the perioperative variables 
and postoperative respiratory and neurological deterioration. Most of the respiratory problems 
occurred between 2-5 postoperative days stressing the need for extended intensive postoperative 
monitoring of these patients.

Keywords: airway, atlanto-axial dislocation, complication, cervical spine surgery, fiberoptic 
bronchoscopy.
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Introduction

Atlanto axial dislocation (AAd) is characterized 
by excessive movement and displacement at the 
junction between the atlas (C1) and axis (C2) of cervical 
spine, leading to instability. the causes of AAd are 
varied and include congenital anomalies, syndromes 
like Klippel-Fleil and Down's syndrome, metabolic 
diseases, tuberculosis, trauma and rheumatoid 
arthritis. Depending on the extent of cervical spinal 
cord compression, the patients’ symptoms vary from 
isolated neck pain to complete quadriparesis with 
respiratory difficulty1,2. to stabilise the spine, these 
patients undergo transoral odontoidectomy with or 
without posterior cervical fusion. When these patients, 
with unstable cervical spine undergo surgery, several 
techniques are adopted to secure the airway with an 
endotracheal tube. Airway management in these 
patients presents a challenge to the anesthesiologist 
because movement of the upper cervical spine 
during intubation could exaggerate the dislocation, 
resulting in spinal cord injury3. Currently, various 
airway equipment are used to secure the airway in 
these patients, but there is no evidence to prove the 
superiority of one technique over another. There is no 
reliable literature on the frequency with which different 
alternative techniques of airway management are used 
over the conventional laryngoscopy and intubation. 
Also, there is no evidence to show that one particular 
technique is associated with greater degree of injury to 
the spinal cord over other. Choice of airway equipment 
used during anesthesia depends on the availability, 
expertise and the patient characteristics. the present 
retrospective study was designed to audit the current 
practices of securing airway using different airway 
equipments in patients undergoing surgery for AAD in 
our centre over the last five years.

Materials and Methods

The study was approved by the Institutional 
ethics committee. Anesthesia register maintained 
in the operation theatre was screened for identifying 
patients operated upon for AAD from January 2006 
till December 2011. The anesthesia charts and the 
progress notes maintained in the case files of these 

patients were reviewed for the following data – age, 
gender, etiology of AAD, results of pre-operative 
pulmonary function tests, surgical approach (anterior, 
posterior or combined), method of securing the airway 
(direct laryngoscopy, fibreoptic intubation, McCoy 
blade), anesthesia for intubation (awake vs general 
anesthesia with muscle relaxants), intraoperative 
management (duration of surgery, intake of fluids, 
urinary output, blood transfusion), early vs delayed 
extubation, postoperative course, any deterioration 
in the neurological status (decrease in muscle power 
by one grade compared to preoperative value and 
respiratory muscle weakness requiring intervention) or 
any other complications.

Statistical Analysis

the patients’ demographics, type of surgery, 
incidence of complications and airway techniques are 
expressed as numbers and percentages and volume of 
perioperative fluids and blood are expressed as mean 
and standard deviation. Association of the airway 
interventions, etiology of AAD, and surgical approach 
with postoperative neurological and respiratory 
deterioration was analysed by chi square tests and 
association of perioperative fluid management with 
postoperative deterioration was analysed by using an 
independent samples t-test. A p value of <0.05 was 
considered significant. SPSS 15 software (SPSS®, 
chicago, il, usA) was used for statistical analysis.

Results:

one hundred and six patients underwent surgery 
for AAD during the study period of five years. The 
patient characteristics, etiology and surgical approach 
are detailed in table 1. Of the 106 patients, 61% were 
intubated with the help of FOB, while the remaining 
were intubated using direct laryngoscopy (mc coy 
blade was used in two patients); one patient had 
tracheostomy in situ prior to the surgical procedure. 
nylon reinforced latex endotracheal tubes were used in 
88% of the patients. The details of airway management 
techniques are given in table 2. Of the 64 patients who 
underwent FOB intubation, general anesthesia with 
muscle relaxants was used in 9 (15%) patients and the 
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remaining were intubated after airway blocks in either 
awake state or under sedation. The mean (SD) duration 
of surgery for posterior approach was 4.6 (2) hours, 
2.9 (0.8) hours for the anterior approach, and 7.5 (7.4) 
hours for the combined approach. in ninety patients, 
the trachea was extubated at the end of surgery. of 
these, two patients had respiratory distress and oxygen 
desaturation immediately after extubation. one of 
these patients could not be reintubated necessitating 

Table 1 
Preoperative data of patients (n=106) who underwent surgery 

for AAD
Variable

Male: Female (number of 
patients)

75:31

Age (years) (mean ± sd) Male: 31.1 ± 16.5
Female: 28.8 ± 15.7

Etiology{n,(%)} Congenital: 67 (63.2)
Traumatic: 39 (36.8)

Skull traction prior to surgery 
{n,(%)}

Yes: 68 (64.2)
No: 38 (35.8)

Surgical approach {n,(%)} Anterior: 7 (6.6)
Posterior: 68 (64.1)
Anterior + posterior: 31 
(29.2)

Table 2 
Airway management of patients who underwent surgery for 

AAD
number 

of 
patients

Technique
(n=105)

direct 
laryngoscopy

total 41

mcintosh 39

mccoy  2

fiberoptic 
bronchoscopy

total 64

Awake/
sedation

55

gA with smr* 9

endotracheal 
tube**

(n=105)

nylon 
reinforced latex 

endotracheal 
tube

total 93

FOB 63

direct 
laryngoscopy

30

poly Vinyl 
chloride tube

total 12

FOB 1

direct 
laryngoscopy

11

* GA-general anesthesia; SMR-skeletal muscle relaxants
** one patient had tracheostomy tube in situ.

Table 3 
Characteristics of patients who had postoperative neurological deterioration

Variables
Yes (%)
N=18

neurological deterioration Chi square value df P value

No (%)
N=88

etiology congenital 12 55 0.11 1 0.738

traumatic 6 33

surgical approach Anterior + posterior 3 28 1.84 2 0.399

posterior 14 54

Anterior 1 6

Anesthetic 
technique

Awake/sedation 7 48 1.59 1 0.208

gA 11 39

intubation 
technique

FOB 11 53 0.1 1 0.12

direct laryngoscopy 6 35

Skull traction yes 13 55 0.614 1 0.433

no 5 33
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a tracheostomy. of the 16 patients who remained 
intubated at the end of surgery, 9 required tracheostomy; 
one patient had a tracheostomy prior to surgery and 6 
patients were extubated in the postoperative period. 
Overall, eighteen patients developed postoperative 
neurological deterioration requiring intubation, 
traction and a repeat surgery. the characteristics of 
these 18 patients are given in table 3.There was no 
association between the etiology, surgical approach, 
skull traction, anesthetic and intubation techniques 
and neurological deterioration. in traumatic AAd 
patients, female gender had significantly higher 
incidence of neurological deterioration compared to 
males (p=0.004) (Table 4). In patients with congenital 
AAd, chances of successful extubation at the end of 
surgery were high when trachea was intubated with 
the help of FOB rather than by direct laryngoscopy 
(p=0.007) (Table 5). Similarly, there was a trend for 
reduced ventilator requirement in congenital AAD 
patients when their trachea was intubated using 
FOB (p=0.078) (Table 6). There was no association 
between the need for postoperative ventilation and 

surgical approach, anesthetic technique, intubation 
technique and perioperative fluid balance (Table 7). 
other complications experienced by the patients were 
vertebral artery injury (n=11), optic neuritis (n=1), 
facial swelling (n=2), displacement of screws (n=4) 
and cerebrospinal fluid leak (n=1).

Discussion:

in the current audit, though airway management 
techniques did not have any major influence on the 
incidence of postoperative neurological deterioration 
or need for mechanical ventilation, FOB intubation 
was associated with higher chances of successful 
extubation at the end of surgery in a subgroup of 
patients with congenital AAd. female gender had 
a higher incidence of postoperative neurological 
deterioration in the traumatic AAd group.

Airway management in patients with unstable 
upper cervical spine (C1-c2) like AAD, presents a 
challenge to the anesthesiologist. the range of spinal 
movement at the occipito-cervical junction during 

Table 4 
Association between perioperative variables and postoperative neurological deterioration in patients with AAD,  

based on etiology
Aetiology Congenital (n=56) Traumatic (n=50)
neurological deterioration present absent total P value present absent total P value
gender 0.503 0.04*

male 9 26 35 4 36 40

female 3 18 21 4 6 10

surgical approach 0.32 0.702

Antero- posterior 3 20 23 0 8 8

posterior 8 23 31 7 30 37

Anterior 1 1 2 1 4 5

Anaesthesia for intubation 0.755 0.407

Awake 7 23 30 3 22 25

gA 5 21 26 5 20 25

Technique of intubation 0.844 0.407

FOB 8 27 35 4 24 28

direct -laryngoscopy 4 16 20 3 17 20

* significant at p<0.05.
GA-general anesthesia; FOB-fiberoptic bronchoscopy.
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Table 5 
Association between perioperative variables and successful extubation in OT in patients with AAD, based on their etiology.

Aetiology Congenital (n=56) Traumatic (n=50)
extubation in ot yes no total P value yes no total P value

gender 1.000 0.360

male 30 5 35 34 6 40

female 18 3 21 7 3 10

surgical approach 0.384 0.350

Antero- posterior 18 5 23 8 0 8

posterior 28 3 31 29 8 37

Anterior 2 0 2 4 1 5

Anaesthesia for intubation 0.127 0.463

Awake 28 2 30 22 3 25

gA 20 6 26 19 6 25

Technique of intubation 0.007* 0.470

FOB 33 2 35 23 5 28

direct-laryngoscopy 15 5 20 17 3 20
* significant at p<0.05.
GA-general anesthesia; FOB-fiberoptic bronchoscopy.

Table 6 
Association between perioperative variables and postoperative ventilator requirement 

in patients with AAD,  based on their etiology

Aetiology Congenital (n=56) Traumatic (n=50)
Post operative 
ventilation

Required not 
required

total P value Required not 
required

total P value

gender 1 0.188

male 7 28 35 5 35 40

female 4 17 21 3 7 10

surgical approach 0.513 0.403

Antero- posterior 6 17 23 0 8 8

posterior 5 26 31 7 30 37

Anterior 0 2 2 1 4 5

Anaesthesia for 
intubation

0.313 0.7

Awake 4 26 30 3 22 25

gA 7 19 26 5 20 25

Technique of 
intubation

0.078 0.312

FOB 5 30 35 5 23 28

direct-
laryngoscopy

5 15 20 2 18 20

GA-general anesthesia; FOB-fiberoptic bronchoscopy.
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intubation depends on the type of airway device used. 
direct laryngoscopy causes extension at occiputo-
atlanto-axial (o-c2) levels and this movement gets 
exaggerated in unstable cervical spine, posing a risk to 
the spinal cord4,5. On the other hand, FOB causes little 
spinal movements if done under general anesthesia or 
under adequate topical airway anesthesia. Not only 
intubation techniques, but manoeuvres like chin lift 
and jaw thrust have been found to cause displacement 
of upper cervical spine6. In the current audit, 61 % 
of the patients had fiberoptic intubation and among 
them 85% were intubated in the awake/sedated state. 
During awake FOB, preintubation manuevres (jaw 
thrust, chin lift) are not performed and that provides 
a safety margin in contrast to FOB performed under 
GA. There was no significant association between 
postoperative neurological deterioration and airway 
management both in terms of the airway technique 
and the anesthetic. Eighteen patients developed 
neurological deterioration in the postoperative period. 
As there was no documentation of the neurological 
status immediately following awake intubation in the 
patient record, it is difficult to explain whether the 
postoperative neurological deterioration was due to 
surgery or airway management or to other causes like 

patient positioning.

Studies have shown that skull traction significantly 
reduces subluxation and spine movements during 
airway manuevres7,8. Around 64% of the patients in 
the current audit had skull traction prior to surgery for 
reduction of AAD. This provided stabilisation during 
intubation procedure (both GA and awake state) and 
also separated the neck from the collar, facilitating 
adequate mouth opening, laryngeal manipulation and 
performance of airway blocks.

majority of the literature on airway management 
for unstable cervical spine are from trauma patients. 
But the current audit is focused on both congenital and 
traumatic AAd. in addition, the patients underwent 
elective procedures, and were adequately optimised 
prior to surgery and airway was secured without any 
hurry. Hence around 60% of the patients could be 
intubated using FOB.

Neurological deterioration following cervical 
spine surgery has major consequences for the patients. 
Risk factors for such deterioration include preoperative 
poor neurological status, duration of procedure, upper 
cervical spine surgery, multisegmental instrumentation 
and perfusion pressure9. in the current audit, the 

Table 7 
Characteristics of patients who were ventilated postoperatively.

Variables
yes

Postoperative ventilation 
(n=15)

Chi square value df P value

no

etiology congenital 9 58 0.7 1 0.78
traumatic 6 33

surgical 
approach

Anterior+ posterior 5 26 0.17 2 0.929
posterior 9 60
Anterior 1 6

Anesthetic 
technique

Awake/sedation 6 49 1.08 1 0.3
gA 9 41

intubation 
technique

FOB 9 56 0.33 1 0.561
direct laryngoscopy 4 36

Intraoperative 
iV fluids (l)

crystalloids (mean ± 
sd)

2.8±0.9 2.6±1.4 104 0.61

colloids (mean ± sd) 0.5±0.1 0.6±0.2 104 0.1

Blood products 0.4±0.2 0.5±0.4 104 0.5
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duration of procedure did not predict postoperative 
neurological deterioration. Involvement of autonomic 
nervous system in these patients has been described 
and the resultant blood pressure variations in the 
perioperative period, theoretically could aggravate 
spinal cord ischemia10,11. Awake positioning does 
not always assure intact neurological status at 
the end of procedure as hemodynamic changes, 
surgical manipulation of spinal structures and spinal 
instrumentation in the intraoperative period can result 
in neurological deterioration and can be detected 
only by neurophysiologic monitoring throughout 
the surgical procedure. in the current audit, it was 
noticed that female gender in the traumatic group 
(n=4) experienced higher incidence of neurological 
deterioration as compared to females in the congenital 
group. Though the difference is statistically significant, 
the total number of female traumatic patients were only 
10. It is likely that the data is not adequately powered 
to detect the actual significance.

In a study on combined approaches for cervical 
spine surgery, patients who underwent combined 
anterior and posterior surgery had higher chances of 
postoperative airway problems12. But in the current 
audit, surgical approach had no influence on the 
postoperative airway problems. Acute postoperative 
airway obstruction occurred in 4 (1.2%) patients 
requiring reintubation but it was not related to the 
technique of airway management. In a study on 
rheumatoid arthritis patients undergoing posterior 
stabilisation procedures, FOB resulted in fewer 
postoperative airway complications and the authors 
recommended FOB for all cervical spine procedures13. 
in the current audit, patients with congenital AAd had 
higher chances for successful extubation at the end of 
surgery when their trachea was intubated using FOB 
and this benefit was not seen in traumatic AAD and 
the reasons are not clear. one possible explanation 
could be minimal movement of the cervical spine 
associated with FOB. In the congenital subgroup, the 
disease process is slower and the lung parenchyma is 
normal which is in contrast with the traumatic group 
where the clinical presentation is acute and chances 
for respiratory muscle dysfunction and low functional 
residual capacity are high. The audit did not have 
enough information on the preoperative pulmonary 
function tests, preoperative respiratory muscle activity, 

power of individual muscle groups and hence difficult 
to compare the baseline respiratory activity of the 
congenital and the traumatic patients groups.

the respiratory complications were seen on the 
second to third postoperative day stressing the need 
for extending the intensive postoperative monitoring 
for a longer period. Reddy, et al found that significant 
deterioration of pulmonary function tests (pft) 
persisted even at 1 week after surgery for congenital 
AAd14.

Being retrospective in nature, missing data is the 
main limitation of this study. The data on perioperative 
hemodynamics were not collected and hence whether 
hypotension had an adverse impact on postoperative 
neurological deterioration, could not be ascertained. 
Also, other methods of intubation like the intubating 
LMA or Airtraq were seldom used for intubation.

in conclusion, in the current audit, there are 
several significant observations though there was no 
overall correlation between the technique of intubation 
and neurological deterioration or postoperative 
ventilatory requirement. In AAD patients, female 
gender had significantly higher incidence of 
neurological deterioration compared to males. in 
patients with congenital AAd, chances of successful 
extubation at the end of surgery were high when 
trachea was intubated with the help of FOB rather than 
by direct laryngoscopy (p=0.007). Similarly, there was 
a trend for reduced ventilator requirement in congenital 
AAd patients when their trachea was intubated using 
FOB (p=0.078). Minimal cervical spine movement 
associated with FOB seems to favour better outcome 
at least in small subsets of patients. there was no 
association between the need for postoperative 
ventilation and surgical approach, anesthetic technique, 
intubation technique and perioperative fluid balance. 
high incidence of respiratory complications on day 
2-3 postoperatively, stresses the need for extending the 
intensive postoperative monitoring for a longer period. 
future studies with larger samples should identify the 
subgroups where specific airway techniques could 
considerably decrease the incidence of postoperative 
neurological deterioration.
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UltrasoUnd-gUided sciatic Politeal nerve 
Block: a comParison of seParate tiBial 

and common Peroneal nerve injections versUs 
injecting Proximal to the BifUrcation

Magdy H. EldEgwy*, SaMi M. ibraHiM**, SaMy Hanora*,  
ElSayEd Elkarta*,  ayMan S. ElSily*

Abstract

Objective: Block of the sciatic nerve at the popliteal fossa can be performed using the 
ultrasound machine; it may be proximally or distally to the bifurcation of the sciatic nerve using 
lateral, medial, or posterior approaches. it is frequently used for surgeries below the knee specially 
the foot and ankle operations.

Purpose: this study compares one and two injections of the sciatic nerve in the popliteal 
fossa with ultrasound-guided block in foot or ankle surgeries.

Methods: forty patients received ultrasound-guided sciatic nerve block with the nerve 
stimulator, using the posterior approach. the patients were enrolled into two groups (20 patients 
each), group 1: received one injection at 2 cm cephalad to the bifurcation of the sciatic nerve, 
and group 2: received two injections caudate to the sciatic bifurcation; one for tibial nerve and 
the other for common peroneal nerve. all patients received 20 ml of levobupivacaine 0.5%. the 
block performance time, block efficacy, success rate, complications and patient’s satisfaction were 
evaluated.

Results: Block the tibial and common peroneal nerves separately (two injections) distal to the 
point of bifurcation of the sciatic nerve has a significantly (P<0.05) faster time to complete sensory 
block of tibial and common peroneal nerves compared to a pre-bifurcation sciatic nerve block 
(one injection). The complete motor block, block time performance, success rate and patient’s 
satisfaction were not significantly different between groups (P>0.05).

Conclusion: the block of tibial and common peroneal nerves separately distal to the sciatic 
nerve bifurcation is superior to single injection block of sciatic nerve above the bifurcation in the 
popliteal fossa as regard complete sensory block time.

Keywords: sciatic nerve block; popliteal fossa; ultrasound-guided.

* md, department of anesthesiology and icU, faculty of medicine, al-azhar University, egypt.
** md, department of anesthesia & icU ,faculty of medicine , Zagazig University, egypt.
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Introduction

Ultrasound guidance for peripheral nerve blocks 
reduces the number of complications and improves 
the quality of regional blockade in adults, compared 
with blind techniques or nerve stimulator guidance1. 
Ultrasound guidance may, theoretically, offer an 
advantage over conventional technique since it 
allows direct visualization of nerve structures, needle 
pathway and local anesthetic spread in real time2. 
foot surgery is often associated with severe and long 
standing postoperative pain requiring large amounts of 
parenteral opioids3. the sciatic nerve block at popliteal 
fossa is frequently used for surgeries below the knee; 
it may be used alone or in combination with other 
peripheral nerve blocks for orthopedic procedures 
involving the lower limb.

 several approaches to block the sciatic nerve
have been described3-6.

there are some approaches for popliteal sciatic 
nerve block have been described as posterior, lateral 
and medial. the classical posterior approach to the 
sciatic nerve in the popliteal fossa requires placement 
of the patient in the prone position, which may be 
contraindicated in pregnant women or impossible in 
trauma patients8. the medial approach did not need 
elevation of the limb or change the position9.

a sciatic nerve block via a lateral approach 
is an especially useful technique for foot surgery, 
because it provides prolonged anesthesia rapidly and 
effectively below the knee especially in patients in 
whom the supine position is impossible or extremely 
uncomfortable (pregnancy, trauma)10. the lower limb 
must be sufficiently elevated to enable adequate space 
around the knee joint for transducer application11.

the multiple twitch technique is based on 
searching and identifying the targeted nerve by 
eliciting each nerve’s motor component with nerve 
stimulation13. it has been associated with a reduction 
in sensory and motor block onset and a greater 
efficacy than a single injection technique14. recently, 
ultrasound guidance has been introduced in order to 
improve the efficacy of peripheral nerve blocks, to 
shorten procedural time, to reduce the minimum local 
anesthetic volume required for a successful block 
and to lower the incidence of complications and side-

effects15,16. Ultrasound guidance may, theoretically, 
offer an advantage over conventional technique 
(anatomical landmarks and nerve stimulation) since it 
allows direct visualization of nerve structures, needle 
pathway and local anesthetic spread in real time17,18.

levobupivacaine is the latest local anesthetic 
introduced into clinical practice. levobupivacaine 
is a s(-) -enantiomer of the racemic formulation of 
bupivacaine. while both the r- and s-enantiomers 
of bupivacaine show anesthetic activity, preclinical 
studies suggested that levobupivacaine might be less 
cardiotoxic than the racemic bupivacaine19.

aim of this study was to compare ultrasound-
guided one injection; cephalad 2 cm to the bifurcation, 
of the popliteal sciatic nerve versus two injections of 
tn and cPn separately, caudate to the bifurcation as 
regard the performance time and efficacy of the block.

Patients and Methods

after obtaining approval from the regional 
ethics committee and written informed consent had 
been obtained from patients, forty adult patients (asa 
i, ii or iii), undergoing ankle or foot surgery, were 
enrolled and randomized into two groups (20 patients 
each). group 1: the patients received a popliteal 
sciatic nerve block cephalad to its bifurcation with 
single injection. group 2: the patients received a 
popliteal sciatic nerve block caudate to the bifurcation 
with separate injection of tn and cPn. all patients 
received 20 ml of levobupivacaine 0.5%. exclusive 
criteria were patients with allergy to local anesthetics, 
blood coagulopathy, pregnancy and neurologic or 
neuromuscular disease. all patients received i.v. 2 
mg of midazolam and 50 mcg fentanyl pre-block. 
Before the nerve block, continuous electrocardiogram, 
spo2, and non-invasive blood pressure were 
monitored during the nerve blockade and throughout 
the operation. we used the posterior approach at the 
popliteal fossa in the supine position with ultrasound 
guidance and the use of nerve stimulator. Patients in 
group 1, the sciatic nerve was traced cephalad to the 
bifurcation at least 2 cm and a seesaw sign visualized6, 
then levobupivacaine 0.5% was injected around the 
nerve in 5 ml increments, after negative aspiration 
test for blood, to a total volume of 20 ml. Patients in 
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group 2, the sciatic nerve was identified in a similar 
manner as in group 1, and then traced caudally from 
the bifurcation where tn and cPn could be clearly 
identified, then every nerve was injected with 10 ml 
levobupivacaine 0.5%. Because most of surgeries 
were performed under proximal tourniquet above the 
ankle joint and femoral nerve supply the medial aspect 
of the leg and ankle, a saphenous nerve (terminal 
branch of femoral nerve) block was performed for all 
patients. We used below-knee field block approach, 
with the patient in the supine position by identifying 
and palpation the tibial tuberosity, then injection of 
10 ml of levobupivacaine 0.5% into the subcutaneous 
tissue, beginning at the medial aspect of the tibial 
tuberosity and ending at the medial border of the tibia 
just below its medial condyle, then after 10 minutes 
we evaluated its sensory block by pin prick. tn and 
cPn sensory blocks were evaluated with pin prick 
test on their distribution and it was rated as (0=normal 
sensation, 1=reduced sensation, and 2=no sensation). 
The motor block was evaluated using flexion (for 
tibial nerve) or extension (for common peroneal nerve) 
of the first toe, and it was rated as (0=normal force, 
1=reduced force, and 2= total immobility). a score of 
2/2 was considered a complete sensory-motor block2. 
the block performance time (time between the initial 
skin puncture and the withdrawal of the needle), 
complete sensory and motor blocks (evaluated by an 
independent blinded observer) were recorded. during 
surgery, if the patient complained of pain at the site 
of the surgery or tourniquet, fentanyl and midazolam 
were administrated until a maximum dose of 100 mcg 
and 3 mg respectively. if the surgery could not be 
completed under these conditions, a general anesthesia 
was then induced and patient excluded from the 
study. duration of tourniquet, type and duration of 
the surgery, and complications including vascular 
puncture, hematomas, and neurological sequels were 
recorded. the patients were asked at the end of the 
procedure to rate their satisfaction with the technique 
(0=poor, 1=fair, 2=good, 3=excellent).

Statistical Analysis

The findings of the groups were statistically 
compared using sPss version 16 (sPss inc., chicago, 
il). data were expressed as mean±sd, number 

and percentage. nominal non-parametric data were 
analyzed using chi-square test. Parametric data 
were compared using unpaired t-test. ordinal non-
parametric data were analyzed using mann-whitney 
U-test. P-values < 0.05 were considered statistically 
significant.

Results

all patients completed the study without 
induction of general anesthesia. there was no 
significant difference between groups as regard 
patient’s characteristics, duration of surgery, tourniquet 
application, and type of surgery (table 1).

Table 1 
Patient’s characteristics and clinical data. Data are expressed 

as mean±SD, number (%).

Variable Group 1
(n=20)

Group 2
(n=20)

P 
value

age (years) 35±14 38.7±14 0.6
weight (kg) 65.5±11 68±7 0.7
height (cm) 168.5±8 167±7 0.8
sex (male/female) 13/7 15/5 0.5
asa (i/ii/iii) 10/7/3 9/8/3 0.9
duration of surgery 
(minute)

47±1.5 44±2 0.1

tourniquet (none/above 
the ankle)

(8/12) (9/11) 0.74

duration of tourniquet 
(minute)

35±1.7 37±5 0.55

type of surgery
foot
ankle
others

9(45%)
5(25%)
6(30%)

8(40%)
5(25%)
7(35%)

0.934

fentanyl and midazolam iv received intra-
operatively, block performance time, and patient’s 
satisfaction were comparable between the two groups 
(table 2). the complete sensory block time (sensory 
score of 2) in the distribution of the tn and cPn was 
significantly increased (P<0.05) in group 1 compared 
to group 2.

Blood was aspirated but without hematoma 
formation in two patients, one from each group; another 
one patient in each group complained of paresthesia 
during the block technique.



174 magdy h. eldegwy et. al

Table 2 
Patients received intra-operative i.v. drug supplement, and 
patient’s satisfaction. Data are expressed as number (%).

variable group 1
(n=20)

group 2
(n=20)

P 
value

midazolam 7(35%) 5(25%) 0.42
fentanyl 5 (25%) 3 (15%) 0.42
Block time (minute) 6±2 6±1.5 0.862
Patient’s satisfaction
Poor
fair
good
excellent 

2(10%)
2 (10%)
7(39%)
9(50%)

2 (10%)
3(15%)
5(28%)

10 (55%)

0.86

Table 3 
Complete sensory and motor blocks of TN and CPN. Data are 

expressed as mean±SD

variable group 1
(n=20)

group 2
(n=20)

P 
value

complete sensory block 
of tn (minute)

26.3±.75 22±1.4* 0.02

complete sensory block 
of cPn (minute)

18.5±1.7 12.2±0.95* 0.002

complete motor block of 
tn (minute)

27.2±1.7 25.8±1.3 0.25

complete motor block of 
cPn (minute)

17±2.4 14.5±1 0.1

tn=tibial nerve, cPn=common peroneal nerve.

Discussion

the multiple twitch technique is based on 
searching and identifying the targeted nerve by 
eliciting each nerve’s motor component with nerve 
stimulation6,20. it has been associated with a reduction 
in sensory and motor block onset and a greater 
efficacy than a single injection technique21. recently, 
ultrasound guidance has been introduced in order to 
improve the efficacy of peripheral nerve blocks, to 
shorten procedural time, to reduce the minimum local 
anesthetic volume required for a successful block 
and to lower the incidence of complications and side-
effects22,23. various factors markedly affect the onset 
time of peripheral nerve blocks, these include the 
concentration and volume of the injected anesthetic 
solution, the use of additives, direction of the approach, 
and the intensity of the current at which peripheral 

nerve stimulation is achieved2,23. Because all these 
factors were kept constant in the two groups, the site 
and number of injections may explain the efficacy 
difference between the two groups.

we found that using ultrasound guidance with 
nerve stimulator to block the tn and cPn separately 
(two injections) distal to the point of bifurcation of the 
sciatic nerve in the popliteal fossa has a faster time to 
complete sensory block of tn and cPn compared to 
a pre-bifurcation sciatic nerve block (single injection). 
the complete motor block, block time performance, 
success rate and patient’s satisfaction were comparable. 
danelli et al24 found that ultrasound guidance resulted 
in shorter procedure times and less needle punctures 
and redirections and less procedure related pain.

dufour et al25 reported that combined ultrasound 
and neuro-stimulation guidance does not reduce block 
time of posterior popliteal sciatic block versus neuro-
stimulation alone. Perlas et al26 demonstrated that 
block procedure time was similar between ultrasound 
and nerve stimulator-guided blocks when using a 
single injection technique. on the other hand.

the success rate of our procedure was high 
(100%) for both groups. Buys et al12 made a block 
success rate 97% for sciatic group and 100% for tibial-
peroneal group, while the success rate of arcioni et 
al27 study was 94% in the sciatic and tibial-peroneal 
groups.

also, arcioni et al27 showed that, when using a 
lateral popliteal sciatic nerve block, a single injection 
targeting the tibial nerve is more effective than a single 
injection targeting the peroneal nerve and is also as 
effective as a double injection of both branches of the 
sciatic nerve.

Our findings regarding onset time are similar to 
those of earlier studies6,14,28 Buys et al12 and Prasad 
et al28 reported that separate injections of the tn and 
cPn in the popliteal fossa under ultrasound guidance 
resulted in faster onset of block than a ultrasound-
guided block before the separation of the sciatic nerve. 
germain et al29 founded that there were higher rates of 
complete sensory block and surgical anesthesia in the 
group injected caudal to the sciatic nerve’s division.

on the other hand, Paqueron et al21 found that 
nerve stimulation of the two branches of the sciatic 
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nerve at the popliteal level with a posterior approach, 
at 10 cm from the popliteal skin crease, did not result 
in a reduced complete onset time or improved success 
rate when compared with that obtained with single 
stimulation. march et al6 found that only the superficial 
peroneal nerve was blocked earlier in group of double 
injections than in group of single injection.

also, the higher rates of complete sensory block 
in separately block of tn and cPn in our study 
in accordance with 3 recent studies demonstrating 
enhanced effectiveness of the double injection 
technique for tn and cPn12,28.

In our study there were no significant differences 

as regard fentanyl and midazolam received intra-
operatively in all patients, also adverse effects were 
minimal and comparable which was in agreement of 
other studies24,25.

Conclusion

double injections of tn and cPn distal to 
bifurcation of the sciatic nerve gives faster sensory 
block onset time compared to single injection of the 
sciatic nerve proximal to the bifurcation in the popliteal 
fossa.
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Abstract

Background: this study was conducted to determine if intravenous dexamethasone combined 
with caudal block was able to prolong post-operative analgesia in pediatric daycare surgeries.

Methods: sixty four asa I or II children aged 3 to 10 year old scheduled for daycare open 
unilateral herniotomy received general anesthesia and caudal block using 0.25% levobupivacaine 
0.75 mg.kg-1 with suppository paracetamol 30 mg.kg-1. after anesthesia induction, they were 
randomized to receive either intravenous dexamethasone 0.5 mg.kg-1 (group I) or same volume 
intravenous normal saline (group II). Postoperatively, pain scores were assessed using wong-
Baker faces scale. At home, their parents assessed and recorded the pain scores, time to first oral 
paracetamol served and frequency of paracetamol given in two consecutive days post surgery. on 
the third postoperative day, these information were gathered from the parents via a phone call.

Results: There were statistically significant differences between Group I and Group II in the 
median time to first paracetamol (800 vs 520 min, p = 0.01), mean pain scores postoperative day 
1 (1.9 ± 2.0 vs 3.5 ± 2.2, p = 0.05), mean pain score postoperative day 2 (0.8 ± 1.6 vs 2.3 ± 2.0, p 
= 0.03) and mean frequencies of paracetamol given on postoperative day 2 (0.3 ± 0.8 vs 1.1 ± 1.0, 
p = 0.02).

Conclusion: a single intravenous dexamethasone dose when combined with caudal block 
reduces postoperative pain, decreases paracetamol requirement and prolongs analgesic duration in 
children after open herniotomy.

Keywords: dexamethasone, postoperative, analgesia, pediatric, daycare.
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Introduction

Pediatric daycare surgeries now form alarge part 
of pediatric anesthetic practice. In the united states 
of america, 2.3 millions pediatric surgeries were 
performed on a daycare basis in 20061. Children are 
candidates for daycare surgeries as they are usually 
healthy, free of systemic disease and typically require 
straightforward, minor or intermediate surgical 
procedures2,3.

an audit of pediatric daycare surgeries in a 
district general hospital in the uk by Jolliffe et al 
(1997) found that postoperatively, pain was more of 
a problem than nausea and vomiting4. most studies 
of analgesia in pediatric daycare surgeries have 
focused on the immediate postoperative course, and 
largely ignored the potential for moderate or severe 
pain after discharge home, when it then becomes the 
responsibility of the parents5.

Studies have been conducted to find the 
appropriate method to improve postoperative pain in 
pediatric daycare setting. the use of local anesthetic 
infiltration, oral non-steroidal anti-inflammatory 
drugs or tramadol, intravenous or caudal clonidine 
and ketamine have been shown to improve the 
postoperative analgesia and to reduce the postoperative 
pain. however, the use of these drugs has been limited 
by unacceptable adverse effects in children undergoing 
daycare surgery6-10.

Dexamethasone is a potent synthetic glucocor-
ticoid which has a powerful anti-inflammatory action. 
Preoperative administration of dexamethasone has 
been shown to reduce pain and swelling after oral, 
spinal and laparoscopic surgeries. Despite the exact 
mechanism by which dexamethasone exerts its 
analgesic effect is not fully understood, a reduction in 
pain by steroids has been supported by many studies11.

this study was conducted to determine if a single 
intravenous dexamethasone dose when combined 
with caudal block was able to reduce post-operative 
pain and prolong post-operative analgesia in pediatric 
daycare herniotomies.

Methods

this was a prospective, randomized, controlled 
and double blind study conducted at hospital kuala 
lumpur, malaysia following approval from the medical 
research Committee of universiti kebangsaan 
malaysia medical Centre and the national medical 
research and ethics Committee malaysia. a total of 
64 ASA I or II children aged between 3 to 10 years 
old, scheduled for daycare open unilateral herniotomy 
were included in the study.

Children who have contraindication to caudal 
block, have allergy to any drugs used in the study, who 
developed complications intraoperatively and required 
admission postoperatively were excluded from the 
study.

In the morning of surgery, parents were informed 
regarding the study at the daycare ward and written 
informed consents were obtained. both parents 
and their children were taught regarding the usage 
of wong-baker faces scale for pain scoring after 
discharge. they were given a diary to record the 
pain score when their children complaint of pain and 
frequency of paracetamol given at home. the children 
were kept fasting according to the daycare protocol. 
they were randomized using computer generated 
random number into two groups, group I received 
intravenous dexamethasone 0.5 mg.kg-1 (maximum of 
10 mg) and group II who were given the same volume 
of intravenous saline after induction of anesthesia.

In the operating theatre, the children were 
induced by inhalational technique with sevoflurane 
8% in 100% oxygen. Standard monitoring of non-
invasive blood pressure, electrocardiogram and pulse 
oximeter were applied. after securing intravenous 
access, the children received intravenous fentanyl 1 
µg.kg-1. an appropriate sized Proseal laryngeal mask 
airway (lma) was inserted accordingly. the end tidal 
concentration of sevoflurane was adjusted to deliver 
a minimum alveolar anesthetic concentration (maC) 
of 1.0. the patients then received either intravenous 
dexamethasone or normal saline according to their 
group allocation.
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Caudal block was performed on all children 
using a 5 cm short beveled 22 g needle in the lateral 
decubitus position. after identifying the space with 
loss of resistance technique, the children received 0.75 
ml.kg-1 levobupivacaine 0.25% (maximum 20 ml). 
suppository paracetamol 30 mg.kg-1 was given after 
completion of caudal block.

surgery was allowed to begin 10 minutes after 
performing the block. Children with an increase in 
heart rate of more than 20% from baseline indicating 
failed caudal block were given intravenous morphine 
and were discontinued from the study.

Postoperatively, patients were monitored in the 
post-anesthesia care unit (PaCu). Intravenous fentanyl 
0.5 µg.kg-1 was administered as rescue analgesia if the 
pain score was 4 and above. these children were then 
transferred to day care ward where their pain scores 
were monitored at hourly intervals till discharge. oral 
paracetamol 15 mg.kg-1 was given if any of these 
children had a pain score 4 and above. at home, their 
parents would monitor the pain score as previously 
instructed.

The time to first supplemental oral paracetamol 
(first paracetamol time) is defined as the time from 
the end of surgery to the first administration of oral 
paracetamol. The time of first paracetamol given, 
frequency of paracetamol given in the two consecutive 
postoperative days and associated pain scores were 
recorded by parents in the respective diaries given 
earlier upon discharge. on the third postoperative 
day, these information were collected through phone 
calls.

Statistical Analysis

The study was designed with type I error of α 
= 0.05, type II error of β = 0.2 and power of 80%. 
Calculated sample size was 64 including 20% 
dropout rate. statistical analysis was performed using 
statistical Package for social sciences (sPss version 
19.0 Ibm Corp, armonk, ny) software. Chi-square 
test was used to compare categorical demographic data 
and pain score between the two groups. Independent 
student’s t-test was used to compare mean frequency of 
paracetamol given and survival analysis kaplan meier 

Fig. 1 
Kaplan Meier curve for first oral 

paracetamol time with log-rank test
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Fig. 3 
Frequency of oral paracetamol given 

postoperatively-Data expressed as 
numbers, n

Fig.2 
Postoperative pain scores using 

Wong-Baker faces scale. 
Data expressed as mean ± SD
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was used to demonstrate the time to first paracetamol 
between groups. a p value of < 0.05 was considered 
statistically significant.

Results

a total of sixty four patients were recruited 
to the study but only 57 patients had reliable data. 
seven patients were excluded from the study: 2 
parents were uncontactable after discharge, 3 patients 
were readmitted to the ward on postoperative day 
1 due to surgical complications and 2 mothers had 
violated the protocol postoperatively. there were no 
statistically significant difference between the two 
groups with regard to their age, weight, gender and 
races (table I). there was no failure of caudal blocks 
in any patients.

none of the children in both groups required 
rescue fentanyl in the PaCu or rescue oral paracetamol 
in the daycare ward. The time to first oral paracetamol 
administration was significantly longer in Group I (800 
minutes) compared with group II (520 minutes), (p = 
0.011) (Figure 1).

Pain scores assessed using wong-baker faces 
scale showed that the pain was less in group I compared 
to Group II in the first (1.9 ± 2.0 vs 3.5 ± 2.2, p ˂0.05) 
and second postoperative days (0.8 ± 1.6 vs 2.3 ± 2.0, 
p ˂0.05) as shown in Figure 2. None of these children 
experienced pain in PaCu or daycare ward.

There was no statistically significant difference 
in paracetamol administration during day 1 
postoperatively although 14 children in group I 
did not require any paracetamol as compared to 7 
children in Group II. There was, however, significant 
difference in paracetamol administration on day 2 
postoperatively where the frequency of paracetamol 
administration was less in group I compared to 
Group II (0.3 ± 0.8 vs 1.1 ± 1.0, p = 0.022). It was 
noted that on day 2, 22 children in group I did not 
require paracetamol for pain relief compared to only 
12 children in group II. this reduction in paracetamol 
requirement reflected an improved quality of pain 
relief in group I (Figure 3).

Discussion

Daycare surgery is a modern, effective and 
economical way to treat patients while maintaining the 
same level of quality of patient care. Daycare surgery 
has been reported to be safe and effective for a large 
proportion of infants and children requiring operation 
in many pediatric hospitals. It is gaining considerable 
acceptance and many parents have expressed 
satisfaction with this approach18. Inguinal hernia repair 
is one of the frequently performed surgical procedures 
in children whereby it is frequently performed as 
daycare surgery19. a study by obalum et al (2008) 
reported that postoperative pain was the most common 
complication of daycare inguinal herniotomy and 
herniorrhaphy20. adequate postoperative pain relief 
is one of the most fundamental issues for successful 
pediatric outpatient surgery, but unfortunately this 
is not always the case despite the various analgesic 
treatment options that are available21.

we demonstrated that a single dose of intravenous 
dexamethasone in combination with a caudal block 
prolongs the postoperative pain relief significantly. 
This finding is comparable to a study done by Hong 
et al (2010) which reported that a single dose of 
intravenous dexamethasone 0.5 mg.kg-1 combined 
with caudal block prolongs postoperative pain relief in 
pediatric orchidopexy23. these results may be due to 
the onset of dexamethasone which has been shown to 
have a long duration of action of 36 to 54 hours11. the 
exact mechanism by which dexamethasone may exert 
an analgesic effect is not fully understood. It has been 
postulated that systemic administration of steroids has 
been found to suppress tissue levels of bradykinin and 
the release of neuropeptides from nerve endings, both 
of which can enhance nociception in inflamed tissue. 
the established reduction in prostaglandin production 
may further contribute to analgesia by inhibiting the 
synthesis of cyclooxygenase isoform-2 in peripheral 
tissues and in the central nervous system. they also 
inhibit other mediators of inflammatory hyperalgesia, 
for example, tumour necrosis factor-α, interleukin-17β 
and interleukin-623.

this study also showed that dexamethasone 
improved the quality of pain relief. this may be due to 
the action of dexamethasone as an anti-inflammatory 



182 azarInah Izaham et. al

agent which reduces local edema and swelling24. 

The above finding is comparable to a study done by 
mohamed et al (2009) where the combination of both 
intravenous dexamethasone 0.5 mg.kg-1 and bilateral 
glossopharyngeal nerve block reduces visual analogue 
score significantly at 8 and 12 hours postoperatively 
compared to either intravenous dexamethasone or 
glossopharyngeal nerve block alone25.

we demonstrated in this study that there was no 
significant difference in paracetamol administration on 
day 1 post-operation. however on day 2 post-operation, 
there was significantly less frequency of paracetamol 
administration when caudal block combine with 
intravenous dexamethasone. This finding correlates 
with its prolong duration of action and is comparable 
to a study done by gomez-hernandez et al (2010) 
which reported that postoperative ketorolac were 
required more in patients of the control group than 
in the dexamethasone group in breast cancer patients 
undergoing mastectomy14.

In our study, none of the children experienced 
any postoperative nausea and vomiting. all the 
children were able to tolerate oral intake well before 
being discharged home. this may be due to minimal 
usage of intraoperative opioids, good pain relief by 
caudal block and effect of dexamethasone. the exact 

mechanism of action is unknown but dexamethasone 
may exert an antiemetic action via prostaglandin 
antagonism, serotonin inhibition in the gut and 
release of endorphins21. this is similar to a study 
done by samarkandi et al (2004) which demonstrated 
intravenous dexamethasone reduces postoperative 
vomiting and pain in pediatric tonsillectomy 
procedures16.

there were several limitations to this study. we 
did not study the side effects of dexamethasone such 
as aggression, agitation, anxiety and blurred vision. 
Furthermore, there was no report of adverse effects in 
a single dose of dexamethasone in pediatric or adult 
surgery in previous studies12-17,23,25,26. our study is 
limited to only two postoperative days as the parents 
needed to resume back to their daily activities. the 
pain score was assessed by the parents at home and 
this may be subjected to bias as the parents were the 
sole assessors.
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Abstract

Introduction: The aim of the current study was to compare block of the sciatic nerve through 
the anterior approach by two methods, namely, the nerve-stimulator guided and ultrasound-guided, 
with or without nerve stimulation, with regard to the ease of performance, reliability and safety of 
this approach.

Patients and Methods: 36 adult patients were randomly allocated equally into one of 2 main 
groups: “Nerve Stimulator-Guided Group (NSG)” where the nerve was located by nerve stimulator 
only and “Ultrasound guided group (USG)” where the sciatic nerves were blocked by a stimulated 
needle under guidance of the ultrasound. Assessment of performing each technique, sensory and 
motor blockades, occurrence of acute systemic toxicity and haematoma formation were compared.

Results: Only one-third of the sciatic nerves could be visualized by US. This did not affect 
the block execution time but caused less number of needle passes in a statistically significant value. 
Sensory and motor block showed significant differences between the 2 groups. Criteria of acute 
systemic toxicity and occurrence of hematoma were not reported in both groups.

Conclusion: Results of the current study showed that the addition of ultrasound to nerve 
stimulator in the anterior approach to the sciatic nerve block added only little to the ease of 
performance, reliability and safety. This was because only one-third of the nerves could be seen. 
More practice, better machines and new blocking techniques may be needed to overcome the 
problem of anisotropy of the nerve.

Keywords: Sciatic nerve, anterior approach, ultrasound, nerve stimulator, reliability.
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Introduction

Every pass made with the stimulator needle 
that does not produce a twitch represents a possible 
pass through the sciatic nerve and since there is no 
reliable relationship between the current producing the 
twitch and the proximity of the needle to the nerve, 
any needle position which does not produce a twitch 
could be within the body of the nerve i.e., intraneural. 
One of the major concerns with nerve stimulation is 
that up to 70% of the patients have no motor response 
with stimulating currents of up to 1mA despite patients 
experiencing parasthesia with positive verification of 
nerve proximity with ultrasound1.

The use of the ultrasound with or without nerve 
stimulation may cause the anterior approach to block 
the sciatic nerve to be safer and easier and consequently 
more popular as it needs high experience specially 
in obese patients2. The aim of the current study was 
to compare block of the sciatic nerve through the 
anterior approach by two methods, namely, the nerve-
stimulator guided and ultrasound-guided, with nerve 
stimulation, with regard to the ease of performance, 
reliability and safety of this approach.

Patients and Methods

The current work is a prospective and controlled 
open clinical trial. After approval of the Local Ethical 
Committee and obtaining the informed written consent 
from patients, 36 adult patients of different ages, both 
genders, and ASA class I-III were enrolled in the study. 
Patients had received a successful femoral nerve block 
as well to complete the analgesia for knee and leg 
surgeries.

Patients refusing the procedure, uncooperative, 
have allergy to any of the drugs used in the study, 
with diabetic peripheral neuropathy or have a history 
of stroke with lesion affecting the side to surgery 
were excluded form the study. Patients with bleeding 
disorders or receiving an anticoagulant and those with 
infection at the site of injection were also excluded.

Patients were randomly allocated into one of 
two main groups, 18 patients each. Patients received 
either general anesthesia or spinal anesthesia for the 
operation. When patient became completely oriented 

or was able to move his legs, femoral nerve block 
(with 10 ml of bupivacaine) and sciatic nerve block 
through the anterior approach were performed for the 
postoperative pain relief.

Nerve Stimulator-Guided Group (NSG)

Landmarks of the approach included a line drawn 
between the inferior border of the anterior superior iliac 
spine (ASIS) and superior angle of the pubic tubercle. 
Next, a perpendicular line bisecting the initial line was 
drawn and extended 8 cm caudad. The needle was 
inserted perpendicular to the skin. Stimuplex HNS11 
machine was adjusted at pulse duration of 0.1 ms and 
a frequency of 2 Hz and a current of 0.7 - 1 mA. After 
disinfection and local infiltration, a Stimuplex® D Set 
(120 mm) (B. Braun Melsungen AG) was advanced 
with a strictly sagittal orientation, with the leg internally 
rotated from 10-15 degrees3, until stimulation of the 
sciatic nerve in the form of planter and dorsiflexion 
of the foot was triggered. Stimulation current was 
lowered until a current of 0.2 mA did not stimulate the 
nerve. The needle length at this level was recorded and 
the number of times the needle was proceeded farther 
than this depth was considered as a pass in the nerve. 
After negative aspiration test, 20 ml of bupivacaine 
0.5% (Marcaine, Astra, Sweden), was injected slowly. 
The ultrasound probe was later on used to detect any 
hematoma formed.

Ultrasound-Guided Group (USG)

Patients in this group had their sciatic nerves 
blocked by a stimulated needle under guidance of the 
ultrasound. The upper thigh is widely prepared from 
the inguinal crease to about mid-thigh. Either General 
Electric Healthcare (Logiq e BT12) or Toshiba (Viamo 
SSA-640A) ultrasound machines were used in the 
examinations. A low frequency ultrasound curved 
probe (2-5 MHz) was applied, transversely, 10 cm 
distal and 5 cm medial to the position of the femoral 
nerve at the inguinal ligament. After establishing right/
left orientation of the ultrasound probe, the scan depth 
would be adjusted to about 13-15cm.The needle entry 
point was lateral to the femoral vessels and medial 
to the femur. If the sciatic nerve could be seen by 
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the ultrasound, the stimulator was set in the sentinel 
mode (0.2 mA). The needle (Stimuplex, D plus Set or 
Stimuplex Ultra, 120 mm) was visually guided until 
the nerve was reached. When the nerve was stimulated, 
the needle should be withdrawn by fine adjustments 
until stimulation stops. This was also considered 
as a needle pass. After negative aspiration, 20 ml of 
0.5% bupivacaine was injected to get a “Dough nut” 
sign of the nerve. If the nerve could not be seen, we 
proceeded with the needle to a point just beneath the 
posterior border of the adductors and straight down 
from the femoral vessels. This point is marked by the 
hyperechoic deep layer of the adductor group and also 
by the fact that the adductor stimulation (flashing) 
stopped. The Stimulator was adjusted and the number 
of needle passes was determined by the same way 
followed in the Nerve Stimulator - Guided Group 
(NSG). In either case the needle was advanced in out 
of plane fashion.

Assessment

I- Block Technique:

� Block execution time: defined as time from skin 
puncture to the end of injection.

� Needle depth.

� Number of needle passes.

� Vascular puncture: defined as blood coming 
in the side way tube or aspirated during the 
procedure and/or a hematoma collection 
thereafter diagnosed by the ultrasound.

II- Block Assessment:

Sensory Block:

� Onset of sensory block: from time of injection 
to the start of sensory changes elicited by cold 
test.

� Duration of sensory block: measured from the 
time of injection to the time patient had a VAS 
of 5/10 or higher.

� Quality of sensory block: measured using Visual 
Analogue Scale1-10.

Motor Block:

� Onset of motor block: from time of injection 
to time of motor changes in any of the sciatic 
branches.

� Duration: from time of motor changes to the 
time patient can planter flex fully.

III- Neurological and Hemodynamic Assessment:

� Monitor any agitation or convulsions.

� Electrocardiogram (ECG), heart rate (HR), 
oxygen saturation (SpO2), were monitored 
continuously, and systolic arterial pressure 
(SBP) every 2.5 min during and after injection. 
Patients were assessed for occurrence of any 
hemodynamic changes e.g., bradycardia and/or 
hypotension and treated accordingly.

Statistical Analysis

Categorical data were expressed as frequency 
along with percentage and continuous data values 
presented in mean ± SD. Descriptive statistics were 
used to summarize all demographic anthropometric, 
anthropometric measures and other characteristics of 
the participants. Quantitative variables means between 
the two groups (NS and US) were analyzed using 
unpaired t test. Associations between two or more 
qualitative variables were assessed using chi-square 
test. For small cell frequencies, chi-square test with 
continuity correction factor or Fisher exact test was 
applied. Pearson’s correlation coefficient was used to 
assess the strength of linear relationship between two or 
more quantitative variables. Pictorial presentations of 
the key results were made using appropriate statistical 
graphs. A two-sided P value <0.05 was considered to 
be statistically significant. All statistical analyses were 
done using the statistical package SPSS 19.0 (SPSS 
Inc. Chicago, IL).

Results

Demographic and Anthropometric Data:

Demographic data showed no significant 
difference between the 2 groups of patients (p>0.05) 
(Table 1).
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Table 1 
Demographic data of the patients in the 2 groups (Mean ± SD, 

frequency and percentage)
Nerve Stimulator - 

Guided Group (NSG) 
(n=18)

Ultrasound - 
Guided Group 
(USG) (n=18)

Age (yrs) 41.83 ± 18.09 44.17 ± 14.86
Weight (kg) 77.29 ± 14.99 78.87 ± 13.99
Height (cm) 176.80 ± 7.91 164.72 ± 12.09
BMI 26.8 ± 4.55 29.32 ± 5.58
Gender
Female
Male

2 (11.1%)
16 (88.9 %)

5 (72.2%)
13 (27.8%)

Operations ACL 9, TKR 5, Other 4 
Knee operations

ACL 11
TKR 7

ASA Class
I
II
III

6 (33.3%)
12 (66.7%)

0

5 (27.8%)
11 (61.1%)
2 (11.1%)

* = Significant value (P< 0.05).

Block Performance:

Table 2 
Block characteristics (mean ± SD) 

of the 2 groups of patients
NSG

(n=18)
USG

(n=18)

Block execution time (min) 7.64±3.4 7.0±2.79

Number of needle passes 2.72±0.83 1.22±0.89**

Needle depth (cm) 8.66±1.26 9.22±1.47

* = Significant value (p< 0.05).
** = Highly significant value (p< 0.01).

Block Characteristics:

Table 3 
Sensory and motor block onsets, durations, 

and quality of analgesia (Mean ± SD)
NSG

(n=18)
USG

(n=18)

Sensory Block:
Onset (min)
Duration (hrs)
Qaulity (VAS)

4.89± 1.45
13.61±2.23
2.11±1.02

3.56±1.29**

20.67±4.10**

1.17±0.92**

Motor Block:
Onset
Duration

13.4±3.93
11.6±2.59

10.5±3.58*

17.9±2.92**

* = Significant value (p< 0.05).
** = Highly significant value (p< 0.01).

Acute Systemic Toxicity:

Table 4 
Frequency of vascular puncture 

and hematoma formation
NSG 

(n=18)
USG 

(n=18)

Vascular Puncture 0/18 0/18

Hematoma 
Formation

0/18 0/18

Table 5 
Hemodynamic parameters (SBP and HR) and oxygen saturation (SpO2) of the 2 groups of patients  

before and 5 minutes after injection of the local anesthetic (mean ± SD)
NSG USG

Before Injection 5 min after Injection Before Injection 5 min after Injection

SBP (mmHg) 110.5±9.33 107.94±8.08 108.6±7.17 104.6±7.82

Heart Rate (bpm) 77.2±9.5 79±8.9 79.5±8.8 78.2±9.6

SpO2 (%) 98.14±0.8 98.2±0.6 98.22±0.8 98.4±0.4

* = Significant value (p< 0.05).
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Discussion

Ultrasound guided technique may improve the 
success and the safety of the sciatic and other peripheral 
nerve blocks by avoiding vascular structures, and 
allowing direct observation of local anesthetic spread 
around neural targets4. With nerve stimulator guidance, 
it is not reliably possible to surround major nerves with 
local anesthetic. As the anterior approach to the sciatic 
nerve is specially needed to keep patients in supine 
position as turning might be painful or complicated, 
trials to efficiently block it have been continued.

Deep location of the Sciatic nerve from the 
anterior approach makes visualization by ultrasound 
difficult and can be also confounded by the surrounding 
muscles. In the present study only in 6 patients out of 
the 18 the sciatic nerves could be seen. A similar rate 
was reported by some ultrasound experts who could 
demonstrate the sciatic nerve in only one-third of their 
patients5. Ota et al. (2009) could visualize the sciatic 
nerve in 95% of their patients through the anterior 
approach. They attributed this high rate to the relatively 
young (average 38 yrs) and non - obese (BMI 22.7) 
patients enrolled in their study. They stated that in old 
patients, the fascia might not be distinguishable with 
ultrasound due to muscular atrophy, and in the obese 
the nerve is located deep. Their US probe was placed 
in the medial side of the thigh, rather than anterior or 
anteromedial, to shorten the distance to the nerve. In 
our study the average BMI was 29 and average age 
was 44 yrs. One possible explanation for problems to 
visualize the sciatic nerve might be the high anisotropy 
of the nerve (isoechoic to the surrounding muscles), 
deep to the relatively thick muscles and is potentially 
hidden behind the acoustic shadow of the femur. 
Marhofer, stated that the imaging technique of this 
nerve needs to be improved to increase the reliability 
of nerve localization6.

Anterior sciatic block execution time in the 
present study showed no difference between the 2 
groups possibly because only one third of the nerves 
could be seen in the US group. On the other hand, the 
number of needle passes was significantly higher in the 
nerve stimulation group because sciatic nerve might 
not twitch, as the needle might pass through the sensory 
part of this mixed nerve or through the abundant 

Fig. 1 
Short axis view of Sciatic nerve from anterior approach, before 

injection of local anesthetic

Fig.2 
Short axis view of Sciatic nerve from anterior approach, after 

injection of local anesthetic

Fig. 2 
long axis view of Sciatic nerve from anterior approach, after 

injection of local anesthetic
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connective tissue in that thick nerve. Visualization 
of this one third with US made the difference to 
decrease the number of needle passes. Similar results 
were obtained by Orebaugh and coworkers7. The 
ultrasound helps to locate the sciatic nerve either by 
visualization or by defining its location anatomically 
as it lies just beneath the deep fascia of the adductor 
group at the level of the lesser trochanter. This was in 
agreement with Ban, who stated that nerve stimulation 
is a variable and blind technique, and one of the major 
concerns with it is that up to 70% of patients had no 
motor response with stimulating currents of up to 1mA 
despite patient experiencing parasthesias with positive 
verification of nerve proximity with ultrasound. 
While intraneural injection does not always produce 
a clinically demonstrable nerve injury, it is a situation 
that should be avoided if possible8.

The current study showed that the onset time, 
duration and quality of sensory block (VAS) were 
highly significant in the US group compared to the 
NS Group. Also the onset of motor block was shorter 
and duration was longer in the US group. This can be 
attributed to injection in the nearest vicinity of the nerve 
documented by the US. Abrahams et al., suggested 
that US guidance of peripheral nerve block produced a 
higher rate of block success, shorter procedure times, 
faster onset time, and longer block duration and reduce 
the risk of inadvertent vascular puncture during block 
performance. So, US can improve block success rates, 
especially for the anesthetist who does not frequently 
perform peripheral nerve blocks9.

Ultrasound guidance may reduce the frequency 

of vascular puncture, but there are no RCTs that 
confirm or refute an actual reduction of LAST (Local 
Anesthetic Systemic Toxicity)10. In the present study, 
LAST was not a problem in either of the 2 groups 
as seen from the hemodynamic stability and absence 
of central nervous system toxicity (agitation and/or 
seizures). Inadvertent vascular puncture seemed to be 
absent in the used approach, as no blood was  aspirated 
and no occurrence of hematoma looked at by US in 
both groups.

Safety of the sciatic nerve and the consequences 
of the multiple passes through it e.g., neuralgia were 
not sought. This is one of the limitations of the study. It 
also seems better to classify patients, for the frequency 
to visualize the sciatic nerve by US, according to thigh 
circumference rather than the body weight or BMI.

Results of the current study showed that the 
addition of ultrasound to nerve stimulator in the 
anterior approach to the sciatic nerve added only little 
to the ease of performance, reliability and safety. This 
was because only one-third of the nerves could be 
seen. More practice, better machines and new blocking 
techniques may be needed to overcome the problem of 
anisotropy of the nerve.
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Wound InstIllatIon of local anesthetIc 
BupIvacaIne for  postoperatIve analgesIa 

folloWIng lumBar lamInectomy
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Abstract

Purpose: lumbar laminectomy is a commonly performed procedure in neurosurgical and 
orthopedic practice. postoperative pain relief helps in early mobilization, initiation of physiotherapy, 
provides satisfaction to the patients and plays an important role in reducing the morbidity and 
mortality. this prospective study investigated the simple technique of instillation of wound with 
bupivacaine and leaving a contact time of 60 seconds on postoperative pain following lumbar 
laminectomy.

Methods: 32 asa I and II patients scheduled for laminectomy were randomly allocated to 
receive either20 ml of normal saline (group I) or 0.25% of bupivacaine (group II) into the wound 
after securing hemostasis. after a dwell time of 60sec the wound was closed in layers without 
mopping or suctioning. after extubation, the pain scores were evaluated by visual analog scale at 
every 4 hrs. for 24hrs and also the time for first demand of analgesia, number of analgesic demands 
and the total amount of analgesia consumed were noted by an independent observer..

Results: the median duration of analgesia in group I was 8.8 [5-11] and in group II 13 [8.5-
16] hrs. with a p=0.04. the number of demands and the amount of analgesia consumed was also 
statistically significant.

Conclusion: Wound instillation technique is simple, safe and effective in management of 
acute pain management after lumbar laminectomy and can be used as one among the multimodal 
armamentarium in pain management.

Keywords: lumbar laminectomy, bupivacaine, postoperative pain, wound instillation.
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Introduction

lumbar laminectomy is a commonly performed 
procedure in neurosurgical and orthopedic practice. 
Patients usually suffer significant pain after lumbar 
laminectomy. postoperative pain relief helps in early 
mobilization, initiation of physiotherapy, provides 
satisfaction to the patients and plays an important 
role in reducing the morbidity and mortality1. there 
has been an increased attention in the understanding 
of the pathophysiology of acute pain and development 
in newer modalities of analgesic treatment. 
currently several postoperative analgesic options are 
available. Intravenous opioids, nsaIds, intrathecal 
administration of opioids and local anesthetics 
have been evaluated. epidural or paravertebral 
administration of drugs using catheter for continuous 
infusions have also been studied. regional techniques 
offer many advantages: pain is cured at /close to 
damaged tissue and when local anesthetics are used, 
they provide analgesia and substantially reduce the 
need for opioids2-4. most of these techniques may be 
limited by potentially high failure rates, high cost, 
technically challenging, and labor intensive, adverse 
/toxic effects, and procedure-related complications. 
Wound site infiltration5,6 is an efficient method in acute 
post-operative pain management, but has a potential 
theoretical risk of wound site infection. Instillation 
of local anesthetic drug into the wound was found 
to provide postoperative analgesia in certain surgical 
procedures like hernia repair and laparoscopic 
cholecystecytomy7-9. the role of wound instillation 
with local anesthetic has not been studied. simple 
technique of instillation of wound with bupivacaine 
and leaving a contact time of 60 seconds may alleviate 
postoperative pain following lumbar laminectomy 
aims and objectives:

the aim of the current study is to evaluate the 
duration and analgesic efficacy of 0.25% bupivacaine 
on wound instillation following lumbar laminectomy.

Methods

Institutional ethics committee approval and 
informed consent from the patient was taken for this 
prospective randomized double blind study. this study 

was undertaken in 32 patients of asa physical status 
I and II scheduled for lumbar laminectomy who were 
planned to have single level lumbar disc surgery. 
patients with instrumentation due to spondylolisthesis 
or spinal stenosis, and are planned to have multiple 
distance or double site laminectomy, patients who 
underwent prior lumbar disc surgery, have asa III-Iv 
status, prior neurological deficits, preoperative opioid 
use or any history of substance abuse or on steroids, 
infection, have known local anesthetics allergy were 
excluded from the study. patients with bleeding, 
cerebrospinal fluid leak, or requiring placement of 
drain were excluded after initial recruitment.

patients were randomized into two groups of 
16 each by computer generated random numbers 
(figure1). All patients received standard general 
anesthesia with endotracheal tube of appropriate 
size. paracetamol 1 gram Iv was administered after 
induction of anesthesia for intraoperative analgesia. 
once the surgical procedure was completed and 
hemostasis was secured-patients in group I received 
20ml of normal saline instillation which remained in 
the wound for a dwell time of 60 seconds and patients 
in group II received 20ml of 0.25% bupivacaine for 
the same contact period and the wound was closed in 
layers without mopping or suctioning.

patients were assessed for postoperative pain 
score by visual analog scale, a 10 point scale ranging 
from “0” minimum or no pain to “10” the maximum 
pain score perceived by the patient. postoperative pain 
was assessed by an independent observer blinded to the 
study first at 0 hours i.e., immediately after extubation 
and then at every 4 hours intervals for 24 hours. the 
duration of analgesia was considered from the time the 
study drug was instilled to the time for first demand 
of analgesia. When the pain score exceeded 3 rescue 
analgesia (diclofenac 75mg deep Im) was given with a 
lock-out period of 8 hr and maximum dose of 225mg 
in 24hrs. the number of analgesic demands and the 
amount of analgesia administered were also noted.

Statistical Analysis

sample size was based on a pilot study of 20 
patients with 10 in each group. a group sample size 
of 12 each achieves 86% power to detect a difference 
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of 4hrs between the null hypothesis that the means of 
both the groups are 7.7 hrs and alternate hypothesis that 
the mean of group II is 11.8 with standard deviation of 
3.1 and 3.5 at a significance level of 0.05% using a 2 
sided independent sample t-test. hence a sample size 
of 32 was studied to allow for possible exclusions after 
initial inclusion. statistical analysis was performed by 
using spss version 17. data was expressed as median 

and Inter Quartile ratio for continuous variables and 
percentages for categorical variables. continuous 
variables and ordered categorical variables were 
compared between the groups using mann Whitney u 
test. categorical variables were compared between the 
2 groups using chi square test. a two sided p of <0.05 
was considered as statistically significant.

Fig. 1 
Box plot graph showing 
duration of analgesia

Table I 
Patient Characteristics

variable
group I group II p-value

variable group I group II p-value

age (years) 40 [30-53] 43.5 [38.2-48.3] 0.579

Weight (Kg) 60 [57-70] 50 [50-60] 0.143

gender (m/f) 10/5 9/6

duration of surgery(min) 120 [120-187] 90 [60-120] 0.796

duration of analgesia(hrs) 8.8 [5-11] 13 [8.5-16] 0.04*

number of demands 2 [1.75-3] 1 [1-1] 0.05*

amount of analgesia(mg) 150 [131.5-225] 75 0.05*

data is presented as median [Interquartile] except for gender.
* Statistically significant.
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Results

demographic data was comparable between 
the groups. (table I). two patients (one from each 
group) were excluded due to surgical complications. 
the median duration of analgesia in group I was 8.8 
[5-11] hrs. and in group II 13 [8.5-16] hrs. which 
was statistically significant with a p 0.04. (Fig. 1) 
the number of demands and the amount of analgesia 
consumed was also significantly lower in the group II 
as compared to group 1 (p=0.05). the pain scores were 
significantly lower in group II at all-time intervals 
(figure 2).

Discussion

In this prospective study, the results showed 
that patients who received wound instillation with 
20ml of 0.25% bupivacaine experienced better post-
operative analgesia as compared with patients who 
received saline. In the current study, the study drug 
was instilled and allowed a dwell time of 60 seconds; 
the probable mechanism of pain relief could be due 
to the anesthetic effect of bupivacaine acting on the 
pain receptors distributed in the soft tissues and the 

nerve endings exposed in the wound right from the 
skin to the dura meninge10 (skin, paraspinal muscle, 
posterior longitudinal ligament, dorsal annulus, facet 
joint capsule, nerve root which was under compression 
and the spinal meninges the dura supplied by recurrent 
nerve of von luschka). the pain scores were low 
at all points of time in the study group. the time to 
first demand of analgesia was prolonged in the study 
group. cumulative rescue analgesic consumption and 
number of demands for analgesia in the first 24 h was 
significantly lower in the bupivacaine group.

Wound infiltration with local anesthetics with or 
without adjuvant drugs has for long been known to 
produce efficient postoperative analgesia.11 cherian 
and co authors12 in their study evaluating the efficacy 
of wound infiltration with bupivacaine after lumbar 
laminectomy found significant analgesia compared to 
placebo group. the mean time before administration 
of the first dose of analgesic postoperatively in the 
bupivacaine and placebo recipients was 807.7 (567.6) 
minutes and 181.4 (110.1) minutes. In another study 
by milligan et al13 where patients received injection 
of 10 ml of 0.5% bupivacaine into the wound found 
less pain scores and longer duration of analgesia 
following lumbar discectomy. hernández-palazón 
and colleagues14 studied wound infusion of 0.25% 

Fig. 2 
Box plot showing VAS pain scores
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bupivacaine and 0.25% ropivacaine into the paraspinal 
muscle and skin before closure of wound following 
lumbar laminectomy and found mean time until the 
first request for analgesia was significantly longer 
in bupivacaine group than in ropivacaine or control 
group (164 +/- 53 min versus 68 +/- 31 and 38 +/- 
14 min, respectively). continuous wound infusion 
with ropivacaine was found to be effective following 
spinal instrumentation, iliac crest bone graft and 
shoulder surgery15-17. a single time instillation of local 
anesthetic into the laminectomy wound has not been 
evaluated earlier. unlike the present study; all these 
studies involved injection, infiltration or infusion of the 
study drug bupivacaine or ropivacaine for analgesia. 
But the present study is different, here it involved 
only instillation of the study drug and allowing it 
for a dwell time of 60 seconds and the analgesia was 
unremarkable.

local tissue instillation of local anesthetic 
bupivacaine is a simple, safe and low cost technique. 
Whenever a peripheral tissue injury occurs it results in 
two kinds of responsiveness in the cns: a peripheral 
and a central sensitization. the central sensitization 
leads to an increased excitability of spinal cord 
neurons that is triggered by nociceptive afferent inputs 
which results in an increase in the response to pain. 

The local infiltration of anesthetic blocks C-fiber input 
to the dorsal horn and may thereby inhibit central 
sensitization18. It can also have potential benefits 
such as inhibition of both the early inflammatory 
response (edema, fibrin formation, capillary dilatation, 
leukocyte aggregation) and the late effects of this 
process (proliferation of capillaries and fibroblasts, 
collagen formation and scarring)19,20. It has been 
shown that adequate relief of acute postoperative pain 
can result in improved long term outcomes.

In the present study the median duration 
of analgesia was 13hrs with instillation of 
local anesthetic bupivacaine with good quality 
of analgesia was good. none of our patients 
developed side effects typically associated 
with spread of local anesthetic to nerve roots or 
intrathecal space with resultant problem with 
mobility and differences in wound infection 
rates. however the concentration of bupivacaine 
used was 0.25% where it can mostly cause 
sensory blockade.

Wound instillation technique is simple, safe and 
effective in management of acute pain management 
after lumbar laminectomy and can be used as one 
among the multimodal armamentarium in pain 
management.
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The effecTs of inTraThecal neosTigmine 
added To bupivacaine on posToperaTive 

analgesic requiremenT in paTienTs undergoing 
lower limb orThopedic surgery

Hamid KayalHa*, Zinat Sadat mouSavi**, ameneH BariKani***, 
SiamaK yagHooBi**** and marZieH Beigom KHeZri*****

Abstract

Background: several additives have been suggested to enhance analgesic effect of local 
anesthetic agents to decrease the adverse effects of them and increase the degree of satisfaction. 
we designed this randomized double-blind controlled study to evaluate the analgesic efficacy of 
the neostigmine added to bupivacaine using spinal anesthesia in patients undergoing lower limb 
orthopedic surgery.

Methods: sixty patients 18-80 yr old american society of anesthesiologists (asa) physical 
status i or ii, scheduled for femur surgery under spinal anesthesia, were recruited in a prospective, 
double-blinded, randomized way. The patients were randomly allocated to one of two groups 
of 30 each. The neostigmine group (group n) received bupivacaine 20 mg combined with 25 
µg neostigmine, and the placebo group (group c) received bupivacaine 20 mg combined with 
0.5ml distilled water (intrathecally) 5 minutes prior to surgery. The time to the first analgesic 
request, analgesic requirement in the first 12 hours after surgery, the duration of sensory and 
motor blockade, the incidence of adverse effects such as nausea,vomiting,hypotension, ephedrine 
requirements, bradycardia, and hypoxemia were recorded.

Results: Patients receiving neostigmine had a significantly prolonged duration of motor 
block (c95%ci 30.27 to 87.65; p <0.001) and sensory block (c95%ci 101.04 to 224.64; p <0.001) 
compared to the control group. The difference of the mean time to the first analgesic request 
was also significantly longer in neostigmine group (C95%CI 83.139 to 208.526; P <0.001). The 
total analgesic consumption during the first 12 hours after surgery was devoid of any significant 
difference between groups N and C (p = 0.41).The two groups were not significantly different in 
terms of intraoperative and postoperative side effects.

Conclusion: intrathecal neostigmine 25 µg with bupivacaine caused a prolonged time to the 
first analgesic request and its use was not associated with any side effects.

Keywords: spinal anesthesia, bupivacaine, neostigmine, sensory block, motor block, pain.
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Introduction

postoperative pain is associated with 
catecholamine release, and the central sensitization is 
supposed to be among the mechanisms concerned with 
the persistence of postoperative pain1.

neuraxial blocks have been introduced to 
produce superior analgesia and decrease the blood loss 
and the incidence of deep venous thrombosis (dvT), 
pulmonary embolism, and to minimize the adverse 
effects of general anesthesia and improve the patients 
outcomes2.

There are many additives to be used to enhance 
analgesic effect of neuraxial blocks such as clonidine, 
magnesium, ketamine, opioids, vasoconstrictor agents 
and steroids, and neostigmine3-5.

it is reported that the inhibition of spinal 
cholinesterase by neostigmine produces great 
enhancement of endogenous acetylcholine, which is 
most likely released from intrinsic cholinergic neurons 
within the dorsal horn of the spinal cord6. an action 
at nicotinic receptors at the dorsal horn ganglion7 and 
at the spinal meninges8 has also been demonstrated9. 
muscarinic receptor antagonists have been shown 
to reverse the analgesic effects of intrathecal 
neostigmine10.

we hypothesized that neostigmine may provide 
a better pain relief after orthopedic surgery under 
spinal anesthesia compared to conventional agents. in 
addition, unlike opioids, neostigmine does not produce 
pruritus, respiratory depression or hyperalgesia. To 
test our hypothesis, we designed this randomized-
double-blind, placebo-controlled study to evaluate 
the postoperative analgesic effect of intratechal 
neostigmine added to bupivacaine in patients 
undergoing lower limb surgery.

Method

This study was a placebo-controlled, randomized, 
double-blind clinical trial in which the patients, 
investigators and anesthesiologists were blinded to the 
given treatment. patients were fully informed about 
the study protocol and provided written informed 
consent. The study was approved by the institutional 
ethics committee and performed during July 2011 to 

February 2012. Exclusion criteria included significant 
coexisting complications such as hepatorenal and 
cardiovascular diseases, any contraindication to 
regional anesthesia such as local infection or bleeding 
disorders, allergy to neostigmine, long-term opioid 
use, or a history of chronic pain, pregnancy and 
menstruation, digestive problems with nausea or 
vomiting, and asthma. using a computer-generated 
randomization schedule, sixty patients 18-80 yr 
old asa physical status i or ii, scheduled for lower 
limb orthopedic surgery under spinal anesthesia, 
were randomly allocated to one of the two groups 
of 30 members each. The consolidated standards of 
reporting Trials (consorT) recommendations for 
reporting randomized, controlled clinical trials were 
followed (fig. 1)11. blinding was achieved through 
the use of equal amounts of drugs (4.5 ml) while the 
syringes used were labeled as a and b according to 
their content. identical coded syringe prepared by the 
operating room personnel, not involved in the study, 
were randomly handed to the anesthetist, who was 
unaware of the identities of the drugs. The neostigmine 
group (group n) received bupivacaine 20 mg combined 
with 25 µg neostigmin (Trittau, germany), and the 
control group (group c) received bupivacaine (mylan 
s.a.s france) 20 mg combined with 0.5ml distilled 
water intrathecally. all patients received an intravenous 
preload of 5-7 ml/kg lactated ringer’s solution before a 
subarachnoid block. after, using an aseptic technique, 
a 25-gauge quincke needle was inserted intrathecally 
via a midline approach into the l4-5 interspaces by 
the anesthetist who was unaware of patient assignment 
while the patient in sitting position. following a 
successful dural puncture, the anesthetic solution was 
injected. The primary outcomes were to evaluate the 
time to the first requirement of analgesic supplement 
and the total analgesic consumption in the first 12h 
postoperative. in this study, postoperative analgesia 
was defined as the time to the first requirement of 
analgesic supplement from the time of the intrathecal 
anesthetic solution injection. no additional analgesic 
was administered unless requested by the patient. 
patients were elucidated preoperatively for the use of 
the verbal rating scale (vrs) from 0 to 10 (0 no pain, 
10 maximum imaginable pain) for pain assessment. 
if the vrs exceeded four and the patient requested 
a supplement analgesic, pethidine 25 mg iv was 
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given. The secondary outcome of this study included 
the assessment of sensory and motor duration of 
blockade, the incidence of hypotension, ephedrine 
requirements, bradycardia, hypoxemia (saturation of 
peripheral oxygen (spo2)<90), pruritus, nausea and 
vomiting. sensory block was assessed by a pinprick 
test. The duration of sensory block was defined as the 
time between the end of injection of the intrathecal 
anesthetic and the appearance of pain at the T10 
dermatome. Motor block was assessed by the modified 
Bromage score (0, no motor loss; 1, inability to flex the 
hip; 2, inability to flex the knee; and 3, inability to flex 
the ankle); whereas the duration of motor block was 
assumed as the time between the end of injection of 
the intrathecal anesthetic when the modified Bromage 
score was zero. continious mean arterial pressure 
(map) and heart rate (hr) were measured by an 
observer blinded to the patient group assignment. if 
the systolic blood pressure (sbp) decreased to 20% 
below the baseline or less than 90 mmhg, ephedrine 
5 mg was administered intravenously. also, if hr was 

less than 50 beats/min, atropine sulfate 0.5 mg was 
administered intravenously. a follow-up telephone 
call was made 24h after the surgery and again 1 and 
6 months later during which the patients were asked 
about side effects, and dysesthesia of the lower 
limbs or buttocks. The study data were collected and 
analyzed by a member of statistics department who 
was not involved in the study. To calculate the sample 
size, data from previous similar studies were taken into 
consideration2-5. sample size analysis assumed that a 
total of 25 patients (n = 25) per group was required 
to detect a 20 min difference in the mean duration of 
analgesia between the groups with a power of 0.9 and 
an α equal to 0.05. We included 30 patients in each 
group to allow for dropouts and protocol violations. 
data were analyzed using spss (spss 15.0, spss 
inc, chicago, ii, usa). continuous variables were 
tested for normal distribution by the Kolmogorov-
smirnov test. parametric data were expressed as mean 
and standard deviation (sd) and analyzed using the 
independent T test. The χ2 test was used to analyze 

Fig. 1 
Consort flow diagram of the trial
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the incidence of adverse events. a p value <0.05 was 
considered statistically significant.

Results

among 75 patients initially enrolled in this study, 
15 patients had to be excluded because of logistical 
reasons or violations of the study protocol. sixty 
patients were included and randomly assigned to the 
treatment groups (fig. 1).

There were no significant differences in sex, age 
among the two groups. The duration of surgery was 
also similar (Table 1).

Table 1 
Demographic data for two study groups

groups
group n
(n = 30)

group c
(n = 30)

p-value

age (years) 58.8 ± 14.6 61.2 ± 17.4 0.7

sex(m/f) 8/22 9/21 0.6

duration of surgery 
(min)

109.1 ± 9.5 111.2 ± 7.5 0.45

values are presented as mean ± sd or number of patients. c = 
control, n = neostigmine.

There is a statistically significant difference in 
duration of sensory block between the n and c groups 
(Table 2). Also, there is a statistically significant 
difference in mean duration of motor blockade time 
between groups n and c (Table 2).

Meanwhile, there was a significant difference in 
mean time to first analgesic request between groups 
n and c (Table 2). The total analgesic consumption 
during the first 12 hours after surgery did not show 
any significant difference between groups N and C 
(Table 2).Transient hypotension occurred at various 
times in groups n and c despite a pre-block volume 
loading. These patients were treated with 5-mg boluses 
of ephedrine iv to maintain their sbp within 20% of 
baseline values or 90 mmHg. There was no significant 
difference in incidence of hypotension episodes 
between groups n and c.

The overall difference in ephedrine requirement 
between the three groups was not statistically 

significant (Table 2).
Table 2 

Characteristics of spinal anesthesia

P-value
group c
(n = 30)

group n
(n = 30)

groups

<0.001125 ± 55318 ± 99
 duration of sensory
block (min)

<0.001165 ± 40221 ± 68
 duration of motor
block (min)

<0.001289 ± 78435 ± 152
 Time to first request
of analgesic (min)

0.62.10 ± 2. 51.61 ± 2.0
 Total ephedrine
requirement (mg)

0.445 ± 17.8540.8 ± 21.25
 Total pethidine
 consumption in 12h
(mg)

all data are presented as mean ± sd, c = control, n = 
neostigmine

As shown in Table 3, there were no significant 
differences in terms of intraoperative and postoperative 
side effects.

Table 3 
Side effects

groups
group n
(n = 30)

group c
(n = 30)

pruritus 1(3.33%) 0
respiratory depression 0 0
hypotension 8(26.7%) 7(23.3%)
bradycardia 0 0
nausea 3(10%) 1(3.33%)
vomiting 1(3.33%) 0
headache 0 0
shivering 2(6.7%) 4(13.3%)

values are the number of patients (%). c = control, n = 
neostigmine.

Discussion

based on the data found in the present study, 
it could be concluded that the administration of 
intrathecal neostigmine 25 µg/kg with bupivacaine 
caused a prolonged duration of sensory, motor block 
and also time to the first analgesic request compared 
to the control group after lower limb surgery. These 
findings are consistent with some previous studies12-18. 
analgesic properties of neostigmine has been shown 
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to depend on the release of no in spinal cord and 
increasing acetylcholine in the spinal synapses 
which leads to the further stimulation of nicotinic 
and muscarinic receptors6-10,19. The selection dose of 
intrathecal neostigmine was based on the fact that 
several previous studies showed that the 25 µg/kg of 
neostigmine adding to bupivacaine could prolong the 
duration of spinal analgesia without additional side 
effects12-14,15.

The second observation which should be noted is 
that the transient hypotension episodes and ephedrine 
requirement between the two groups was statistically 
insignificant.. The overall results of our study is in 
consistency with studies by hye ma13, who declared 
that the use of intrathecal neostigmine was associated 
with minimal hemodynamic fluctuations. However 
in gupta s study, hypotension in the group receiving 
neostigmine 75 µg was more than the other group 
receiving 50µg of neostigmine12. These apparently 
controversial results may be due to either different 
dosage of neostigmine or population variation.

The third finding which should be taken into 
account is that, the incidence of nausea and vomiting 
between the two groups was statistically insignificant. 
This finding is in contrast with the result obtained in 
the Klamt study16 in which a significant difference in 
nausea and vomiting episodes in patients who received 
100µg of neostigmine and bupivacaine was reported. 
The authors of the present study speculate that the 
lower dose of neostigmine was not associated with high 

incidence of nausea vomiting. This idea is supported 
by the result of guptas12 and lauretti18 studies in which 
observed that the incidence of nausea and vomiting 
increased with larger dose of neostigmine.

The another observation which should be 
emphasized is that neostigmine prolonged the time to 
first analgesic requirement but it failed to decreased 
total opioids consumption in the first 12 hours 
postoperatively as compared with the control group. 
The possible explanation for this finding is that 
the analgesic effect of neostigmine follows a dose-
dependent manner. This result is harmony with the 
findings by Gupta S study12 who reported that total 
of analgesic consumption after surgery in the patients 
receiving 75 mg of neostigmine and bupivacaine 
was lower than the other patients receiving 50 mg 
neostigmine and bupivacaine; and both groups used 
less drugs comparing to the bupivacaine group.

we concluded that intrathecal neostigmine 25 
µg with bupivacaine prolonged sensory, motor block 
and the time to first analgesic request compared to 
control group, and its use was not associated with 
any serious side effects. however, the total analgesic 
consumption in the first 12h postoperative was similar 
in bupivacaine and neostigmine groups following 
surgery. further studies are needed to evaluate the 
analgesic efficacy of neostigmine with other neuraxial 
drug combinations such as epinephrine, ketamine, and 
magnesium to provide better analgesia and reduce the 
incidence and severity of side effects.
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The beneficial values of Transoesophageal 
Doppler in inTraoperaTive fluiD guiDance versus 

sTanDarD clinical moniToring parameTers in infanTs 
unDergoing Kasai operaTion

Eman SayEd IbrahIm*, Taha aId yaSSEIn** and WESam SabEr morad***

Abstract

Background: fluid overload in infants can result from inappropriate volume expansion 
(VE). The aim of this work was to evaluate the beneficial values of Transoesophageal Doppler 
TED in intraoperative fluid guidance versus standard clinical monitoring parameters in infants 
undergoing Kasai operation.

Methods: forty infants scheduled for Kasai procedure were randomly allocated into two 
groups (Doppler and clinical group). In Doppler group decided to provide VE (10-30 ml/kg of 
Hydroxyethyl starches HES) when the index stroke volume decreased by ≥15% from the baseline 
value, in clinical group, hemodynamic variables triggering colloid administration mean arterial 
blood pressure (MAP) less than 20% below baseline or central venous pressure (CVP) <5 cmH2o 
in both groups: Ringer's acetate was infused at constant rate (6 m l/kg/h). Standard and TED-
derived data were recorded before and after ve. follow up the postoperative outcome and hospital 
stay.

Results: There were significantly lower mean volume of HES (42.85 ± 3.93 versus 84 ± 
14.29 ml) and percent of infants required it (30% versus 90%) associated with earlier tolerance to 
oral feeding (2 ± 0.66 versus 3.4 ± 0.51), shorter hospital stay (5.30 ± 0.47 versus 6.7 ± 0.92 days) 
and lower rate of chest infection (15% versus 30%) in Doppler group than clinical group. There 
was no difference between the two studied groups regarding heart rate, MAP.

Conclusions: TED guided intraoperative fluid intake in infants undergoing Kasai operation 
optimize fluid consumption and improve outcome associated with shorter hospital stay.

Keywords: Infants, Kasai operation, Transoesophageal Doppler, volume expansion.
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Introduction

extrahepatic biliary atresia (ehba) is an 
inflammatory, progressive, fibrosclerosing cholan-
giopathy of infancy, affecting both the extrahepatic 
and intrahepatic bile ducts to a variable extent that 
results in destruction and obstruction of the biliary 
tract1. Without medical and surgical intervention, 
disease progression leads to hepatic fibrosis, cirrhosis 
with portal hypertension, liver failure, and death within 
2 to 3 years. It classically presents in 1 in 8,000 to 1 
in 18,000 live births, during the neonatal period, with 
cholestatic jaundice, acholic stools, and hepatomegaly, 
in an otherwise apparently healthy infant2. current 
treatment of EHBA is surgical hepatoportoenterostomy 
(Kasai procedure) for the relief of biliary obstruction 
in these infants3.

Perioperative fluid optimization is essential in 
Kasai procedures for reducing morbidity. Hypovolemia 
is associated in particular with improper organ 
perfusion and increased length of hospital stay, while 
excessive fluid administration produces the clinical 
picture of pulmonary peripheral and gut edema with 
associated morbidity and mortality4.The assessment of 
perioperative hypovolemia and the trigger for volume 
expansion (ve) in pediatric anesthesia are based on 
the interpretation of multiple variables and clinical 
endpoints such as arterial pressure, heart rate (hr), 
pulse pressure, urine output, type of surgery, surgical 
events (e.g. bleeding), and laboratory findings (e.g. 
hematocrit, lactate). fluid requirements when based 
only according to these variables can be inappropriate5. 
minimally invasive tools that could predict patient 
responsiveness to ve would be extremely useful. 
Transoesophageal Doppler (TED) has been shown 
to effectively measure co in newborns and children 
and therefore, could allow for better assessment of the 
efficacy of VE6.

We therefore designed a prospective, randomized, 
controlled trial to evaluate the effectiveness of TeD 
on intraoperative fluid optimization versus standard 
clinical monitoring parameters in infants undergoing 
Kasai operation.

Methods

After receiving approval from Ethical Committee 
and informed consent from patient's parents, this 
prospective cohort study enrolled 40 infants who were 
randomly assigned into two groups using a random 
number generator in sealed envelopes of 20 each: the 
Doppler group and the clinical group. Infants aged 
≤3 months, weighing <10 kg, without myocardial 
dysfunction, American Society of Anaesthesiologists 
(ASA) grade I/II, who required general anesthesia 
and tracheal intubation for hepatoportoenterostomy 
for biliary atresia (ba) were included in the study. 
exclusion criteria were asa class >ii, preoperative 
hemodynamic instability or catecholamine infusion, 
known congenital heart disease with hemodynamic 
consequences and esophageal malformation, any 
patient with history of bleeding tendency, and no 
written informed consent.all infants received an 
oral intake of 15 ml/kg of 10% glucose 2 h before 
surgery. Patients were optimized before operation 
and deemed hemodynamically stable and clinically 
euvolemic before the induction of anesthesia. after 
denitrogenation, general anesthesia was induced by 
inhalation of 100% oxygen and 8% sevoflurane until 
the patient lost consciousness and then the sevoflurane 
concentration was decreased to 4%. An IV cannula 
was inserted and fentanyl (1 µg/kg) and atracurium 
(0.5 mg/kg) were administered to facilitate tracheal 
intubation. anesthesia was then maintained with 
50% oxygen, air and sevoflurane (1 MAC end-tidal 
concentration). mechanical ventilation was performed 
in all patients using a semi closed system adjusted to 
keep sao2>95% and end tidal CO2 between 25 mmHg 
and 35 mmHg (GE Datex Ohmeda S/5 Anesthetic 
Delivery unit system). arterial pressure was measured 
using a standard non-invasive cuff applied to the upper 
limb. Nasopharyngeal temperature was monitored 
and maintained in a normal range with a forced-air 
warmer (Bair Hugger Temperature Management Unit, 
arizant,  USA). Following induction of anesthesia, 
data of patients in the Doppler group (age, weight, 
and height) were registered in the Doppler monitor. A 
4 MHz, flexible TED probe specific for single-patient 
pediatric use (KDP n-Kinder Doppler Probe®) was 
greased with a lubricating gel and passed orally into 
the mid esophagus until aortic blood flow signals were 
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best identified. The optimal position of the probe was 
suggested by an audible, maximal pitch and a sharply 
defined velocity waveform with minimal spectral 
dispersion. The monitoring system used (Cardio 
QpTm, Deltex medical Tm, chichester, uK) which 
shows all the needed hemodynamic variables both 
in numerical and graphical forms... The probe was 
rotated to display the best aortic blood flow signal 
before each measurement. cardiac index (ci), index 
stroke volume (ISV), corrected flow time (CFT) 
(length of time of systolic blood flow adjusted for HR, 
that is, divided by the square root of the heart cycle 
time), peak velocity (PV) (maximal velocity during 
systole), of the descending aorta velocity waveform 
were recorded. TED measurements pre- and post-VE 
were completed and averaged In the clinical group (A 
4- to 5.5-Fr central venous catheter AMECATH single 
lumen central venous catheter) was placed through the 
right internal jugular vein by ultrasound guided method 
(sonosite-nano max ultrasound system-usa).

In Doppler group. Boluses of colloid were 
administered, guided by an algorithm depending on the 
Doppler estimations of isv, when the isv decreased 
by ≥15% from the baseline value.VE consisted of 
an infusion of 10-30 ml/ kg of colloid (Voluven 
hydroxyethyl starch 130/0.4 6%). Over a period of 20-
40 min, repeated by other boluses only if isv is not 
increased by ≥15% this algorithm was similar to that 
used by roux et al.7, In clinical group, hemodynamic 
variables triggering colloid administration based on 
clinical appreciation and standard monitoring data 
that involves either a decrease in mean arterial blood 
pressure less than 20% below baseline or CVP<5 
mmHg.VE was the same of that used in TED group. 
In both groups, Ringer's acetate solution was infused 
intraoperative at approximately constant rate (6 m l/
kg/h) via an infusion pump (Fresenius Kabi, Germany) 
to cover fluid deficit and basal fluid requirements. 
Four sets of data were recorded and each set included: 
heart rate (hr), mean arterial pressure (map), end 
tidal co2 (eTco2), isv, cfT, pv and cardiac output 
(CO). The measurements were obtained at 10 min 
after induction of anesthesia when hemodynamicaly 
stable with controlled ventilation established, (To) 
before VE(T1), T2: after VE(T2) and at the end of 
surgery(T3).

The primary out-come was to evaluate the 
beneficial values of TED in intraoperative fluid 
guidance versus standard clinical monitoring 
parameters in infants undergoing Kasai operation 
regarding volume of colloid administered. Secondary 
outcomes included evaluation of complications such 
as vomiting, post-operative pulmonary complications, 
return of bowel function and the length of intensive 
care and hospital stay.

20 patients in arm 1 (Doppler group) and 20 
patients in arm 2 (clinical group) were recruited based 
on the following assumptions: with the power of 80 %, 
α = 0.05 and the ratio of cases to controls = 1:1. The 
required sample size was determined using (power and 
sample size calculation) software.

The sample size was determined as regard 
patients attending our institute meeting the inclusion 
and exclusion criteria which are 40/year. Normally 
distributed data were analyzed using t-test, and 
categorical data were analyzed using the Chi-square 
test. continuous data are presented as mean and 
standard deviation, whereas categorical data are 
presented as number of patients and percentage. Data 
were analyzed using IBM SPSS statistics 20.0 software. 
P <0.05 was considered statistically significant.

Results

Data is presented at baseline, before and after 
VE (Table 1). There were no differences in the 
demographic data between Doppler and clinical 
groups (Table 1). The percentage of patients who 
required volume expansion was significantly lower in 
the Doppler group (Table 1). Furthermore, the volume 
of HES needed was also significantly smaller I the 
Doppler group (Table 1). There was no statistically 
significant difference between both groups regarding 
Ringer's acetate requirements (Table 1). There were no 
differences between the two studied groups regarding 
heart rate, mean blood pressure (map) (Table 2). The 
TED group demonstrated significant hemodynamic 
changes in post fluid boluses, increase of ISV and 
cardiac output associated with an increase in cfT 
and PV (Table 4). There was statistically significant 
decreased in mean heart rate post vs. pre- VE (123 ± 
6.548 versus 136.8 ± 10.04 beat /min; p <0.05) and 
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(112.2 ± 5.20 versus 132 ± 8.67 beat /min; p <0.05) in 
the clinical and Doppler group respectively, associated 
with statistically significant increase in MAP post VE 
compared to before it (58.10 ± 2.64365 versus 43.40 
± 2.71 mm Hg; p <0.01) and (61.20 ± 4.049 versus 
44.60 ± 4.50 mm Hg; p <0.01) in the control and TED 
group respectively. These changes associated with 
stable CVP with no statistically significant changes 
after fluid bolus in it Table 3. There was no mortality 
reported during the study period in any case involved 
in the study. There were earlier tolerance to oral 
feeding (2 ± 0.66 versus 3.4 ± 0.51 days), shorter 
hospital stay (5.30 ± 0.47 versus 6.7 ± 0.92 days) and 
lower rate of chest infection (%15 versus %30) and 
oral intolerance (%10 versus %40) in Doppler group 
than clinical group (Table 5). Eight patients in the 
clinical group needed antiemetic in comparison to 
two patients in the Doppler guided group. All patients 
were extubated immediately postoperative in the 
operating room and admitted to the intermediate care 
unit for the first 24 h.

Table 1 
Patient characteristic data, and characteristics of VE 

differences between groups
Variables Clinical group

(n = 20)
Doppler 
group

(n = 20)

P-value

Age (days)
Weight (gm)
Height (cm)
Sex:  male/
female
ASA I/II
o p e r a t i v e 
time (min)
v o l u m e 
expansion
c o l l o i d s 
(%pts)

volume (ml)
Total ra (ml) 

73.40 ± 18.06
4.77 ± 0.71

65.70 ± 65.70
13/7
18/2

202 ± 54

18 (90%)
84 ± 14.29
290 ± 39.44

74.40 ± 
19.06

5 ± 0.62
65.20 ± 5.28

12/8
17/3

186 ± 44

6 (30%)
42.85 ± 3.93
274 ± 39.44

0.87
0.28
0.97
0.74
0.63
0.31

0.00#
<0.01*
0.20*

TED-Transoesophageal Doppler; ASA-American society of 
anaesthesia
RA-Ringer acetate

Table 2 
Hemodynamic data for both groups

Variable Clinical
(n = 20)

Doppler
(n = 20)

P-value

HR (beat/
min)
T0
T1
T2 
T3
m a p 
(mmHg)
T0
T1 
T2 
T3

125.4 ± 
10.57

136.8 ± 
10.04

123 ± 6.54
123.5 ± 8.07

54.2 ± 3.42
43.4 ± 2.72
58.1 ± 2.64
56.5 ± 2.95

123.2 ± 8.67
132 ± 8.67

122.2 ± 5.20
122.5 ± 
12.14

55.5 ± 4.22
44.6 ± 4.50
61.2 ± 4.04
56.8 ± 5.37

0.48
0.11
0.67
0.76

0.29
0.31
0.05
0.82

Values are presented as mean (SD); HR-Heart rate; MBP-Mean 
blood pressure; TED-Transoesophageal Doppler; T0-10 min 
after induction of anesthesia; T1-before fluid bolus; T2-After 
fluid bolus; T3-At end of operation.

Table 3 
Central venous pressure changes for the clinical group

variable To T1 T2 T3

cvp(cmh2o) 4.10 ± 0.99 4.10 ± 3.80  0.87 ± 0.63 3.87 
± 0.44

Values are presented as mean (SD);CVP-Central venous 
pressure T0-10 min after induction of anesthesia; T1-before 
fluid bolus(VE); T2-After fluid bolus (VE); T3-At end of 
operation.  Data compared by paired t test

Table 4 
TED variables for the Doppler group

variable To T1 T2 T3 

COP(ml/min)
CFT(m/sec)
ISV(ml/beat/m2)
PV (cm/sec)

1.19 ± 0.21 0.76 ± 0.05* 1.16 ± 0.16# 
1.09 ± 0.16
3337.4 ± 31.88 3.11.3 ± 11.73* 350.4 ± 
11.08# 338.2 ± 6.72**

30.13 ± 2.31 25.52 ± 2.22* 32.88 ± 1.83# 
33.2 ± 2.24
111.3 ± 8.18 84.44 ± 5.08* 109.80 ± 
7.32# 100.50 ± 3.62**

Values expressed as mean (SD); COP(Cardiac output); ISV 
(index Stroke volume); CFT (Corrected flow time); PV (Peak 
velocity); T0-10 min after induction of anesthesia; T1-before fluid 
bolus(VE); T2-After fluid bolus(VE); T3-At end of operation.
* P ˂0.05 vs. To  # P ˂0.05 vs. T1
** P ˂0.05 vs. T2
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Table 5 
Postoperative outcome

Variable Doppler Clinical P-value

(n = 20) (n = 20)

Chest infection n (%) 3(15%) 6 (30%) 0.26

Oral intolerance 2(10%) 8(40%) 0.03 

Hospital stays (days) 5.30 ± 0.47 6.7 ± 0.92 <0.01

Day of oral feeding (days) 2 ± 0.66 3.4 ± 0.51 <0.01

Discussion

The results of this study demonstrate that TeD 
was able to predict responsiveness to fluid and optimize 
intraoperative fluid consumption, as indicated by 
significant lower mean volume of colloid (HES) 
received and percent of infants requiring volume 
expanders.. in a study by lee, et al.8, fTc and ppv 
(pulse pressure variation) of Doppler were found to 
be better than cvp and lveDai (left ventricular 
end end-diastolic area index) in predicting fluid 
responsiveness and that changes in the stroke volume 
index caused by fluid loading correlated significantly 
with the fTc values. estimation of intravascular 
volume status in critically ill infants and neonates is 
a particular challenge as traditional indices, such as 
blood pressure and heart rate, may not reflect mild to 
moderate blood loss and because, in the majority of 
cases, invasive monitoring is not used9. in our study, 
fluid boluses based on standard clinical monitoring 
data was shown to be inappropriate in the patients 
as CVP was stable after fluid boluses in spite of 
significant changes in heart rate and MAP. MAP 
and HR did not reliably reflect CO in anesthetized 
pediatric patients10,11. Kumar et al and marik et al. 
found that CVP is not able to indicate changes 
in intravascular volume and fluid responsiveness 
accurately12,13. Value of CVP is influenced by the 
diastolic compliance of the right ventricle, intra-
abdominal pressure, positive end expiratory pressure, 
and forced expiration. indeed, cvp does not predict 
fluid responsiveness and only poorly reflects preload 
in adults, children, and pediatric animal models14. The 
hypotensive effect of sevoflurane is well described 
and is especially significant in the youngest pediatric 
patients15.This effect, mostly attributable to a decrease 
in systemic vascular resistance, may explain the 

arterial hypotension among our patients before fluid 
bolus. The increase in map observed in control 
patient's post-fluid bolus, without an improvement 
in cvp may be explained by other factors such as 
the subsequent reduction in sevoflurane during the 
period of arterial hypotension. our study was able 
to demonstrate the ability of minimally invasive 
TED to reduce fluid therapy when compared to 
standard clinical monitor parameter guided fluid 
management associated with earlier tolerance to oral 
feeding, shorter hospital stay and lower rate of chest 
infection and oral intolerance. recent randomized 
trials and meta-analyses have confirmed that 
intraoperative fluid optimization using TED improve 
outcome8,16 absi et al.17 reported that the application 
of esophageal Doppler guided fluid management 
has produced a similar improvement in outcome for 
patients undergoing cardiac surgery. Roche et al.18 
studied Goal-directed fluid management with trans-
esophageal Doppler and found a significant reduction 
in hospital stay. in the current study, chest infection 
and post-operative vomiting and intolerance to 
oral feeding were significantly less reported in the 
Doppler guided fluid group. This was also supported 
by mythen and Webb study, which demonstrated 
that the esophageal Doppler guided plasma volume 
optimization significantly reduced the incidence 
of gastric mucosal hypoperfusion leading to a 
significant reduction in complication rates and length 
of hospital stay following cardiac surgery19. increase 
extravascular lung water from excessive intravascular 
volume may predispose patients to pneumonia and 
respiratory failure. It can lead to edema of the gut, 
which may inhibit gastrointestinal motility and 
prolong postoperative ileus and intolerance for enteric 
alimentation. The potential for bacterial translocation 
and development of sepsis and multiorgan failure 
is also increased. increase cutaneous edema may 
decrease tissue oxygenation,which can lead to 
delayed wound healing20. Previous literatures suggest 
that perioperative goal-directed therapy (GDT) based 
on flow-related hemodynamic parameters improve 
patient outcome21,22. clinical studies have mostly 
shown outcome benefits only within postoperative 
nausea and vomiting, ileus, morbidity, and hospital 
stay23,24. However, only limited pathophysiological 
data are available to explain this benefit. Lopes et al.25, 



210 eman sayeD ibrahim et. al

in their work revealed that there is reduced morbidity 
and hospital stay by gDT and this also associated 
with a reduced interleukin-6 response. Other studies 
on perioperative changes of the vascular barrier 
suggest that the endothelial gly-cocalyx plays a key 
role26,27.

The limited number of cases enrolled in our 
study was related to the limited number of cases of 

biliary atresia selected for kasai surgery in our national 
liver institute. The use of TED for intraoperative fluid 
guidance in infants undergoing Kasai operation need 
to be studied in further planned research work.

In conclusion: TED guided intraoperative fluid 
management in infants undergoing Kasai operation 
optimizes fluid consumption and improve outcome 
associated with shorter hospital stay.
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Desflurane compareD to sevoflurane for  
cirrhotic patients unDergoing major liver 

resection.  a ranDomizeD control stuDy

Abou Hussein M*, MAHMoud F**, beltAgyR*, 
HAsAnin A**,  yAssen K** And AttAR A*

Abstract

Background: major liver resection is associated with haemodynamic, hepatic and renal 
changes as a result of the procedure.

Aim: To compare Desflurane (D) versus Sevoflurane (S) on hepatic, renal functions, 
haemodynamics and perioperative course for cirrhotic patients undergoing major liver resection.

Patients and Methods: A prospective randomized control study with 50 patients (Child A) 
(D, n=25 and S, n=25). End tidal D or S adjusted with Entropy (40-60). Haemodynamics monitored 
with invasive blood pressure and trans-oesophageal Doppler (TED). Liver and kidney function 
tests, blood Glutathione-S-transferase (GST), urinary microalbuminuria (Microalb) were assayed. 
extubation time and anaesthetic consumption were recorded.

Results: Systemic vascular resistance (SVR) post-resection and stroke volume of D vs S 
were 835.04±12.02vs778.16±11.97dyn.sec.cm-5, P<0.01, and 85.72±2.95vs76.16±6.52 ml, 
P<0.01 respectively. Doppler corrected flow time (FTc) between groups were comparable 
(P>0.05). No difference post-operatively regarding hepatic and renal functions, and urine Microalb 
(14.76±3.95vs14.24±8.65 µg/ml, P=0.78), but a statistically difference was foundwith GST 
(0.046±0.003vs0.043±0.002 IU/ml, P<0.01).Despite a higher D consumption (73±17 vs 64±22 
ml, P=0.102), cost in Egyptian pounds (LE) was lower with D (141.14 ± 32.90 vs 320.60 ± 114.01, 
le, P<0.01). Extubation time and ICU stay with D vS (4.52±2 vs 7.72±2 min, P <0.01) and (1.40 
± 0.50 vs 1.64 ± 0.48, days P=0.09) respectively.

Conclusion: neither D nor s were clinically superior to the other with respect to liver and 
kidneys functions, but D was found to preserve better the haemodynamic parameters and enhance 
recovery at a lower cost.

Keywords: Desflurane, Sevoflurane, Cirrhosis, Liver resection.
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Introduction

Egypt has a high Hepatitis C virus (HCV) 
prevalence and accordinglya high morbidity and 
mortality from chronic liver disease, cirrhosis, 
and hepatocellular carcinoma1,2. this increases the 
incidence of cirrhotic patients undergoing liver related 
and unrelated surgeries3. liver resection improves 
overall survival in patients with small hepatocellular 
carcinoma, non-invasive and non-metastatic4,5; 
however this surgery may be followed by clinical or 
subclinical hepatocellular derangements, metabolic 
abnormalities, hemodynamic changes due to 
temporary liver dysfunction frequently encountered in 
the immediate postoperative period6-9. the anaesthetic 
technique and the choice of inhalational agent used 
during liver resection surgeries are very crucial to 
minimize the unwanted effects of anesthesia on 
different organs especially the liver and the kidneys.

the aim of the current study is to compare 
Desflurane to Sevoflurane based anesthesia for cirrhotic 
patients undergoing major liver resection in regards to 
hepatic and renal functions, hemodynamic parameters, 
and inhalational agentconsumption and cost.

Patients and Methods

In this double-blinded prospective randomized 
controlled study, written informed consent and local 
institutional research and ethics committee approval 
(12/2013) were obtained. The study was registered 
at the cochrane research data base of south africa 
(PACTR201404000804408) (www.pactr.org).

Fifty three adult cirrhotic (Child A) patients were 
presented for major liver resection. three patients 
did not meet the inclusion criteria and only fifty were 
randomized and equally divided into two groups 
using the closed envelope technique; the desflurance 
group(group D) and the seroflurance group (Group S).

included patients were those with written 
informed consent, age 25 years or older, scheduled for 
elective major liver resection surgery and classified as 
Child A and ASA II or III according to the Child-Pugh 
classification and American Society of Anesthesia 
classification, respectively. Patients with a history of 
esophageal disease, or contraindication for esophageal 

Doppler insertion (esophageal or nasopharyngeal 
pathology, coarctation of the aorta), any patient with 
pre-operative arrhythmia (frequent ectopic beats) or 
history of bleeding tendency, recent anesthesia (within 
7 days before the resection surgery), re-operation and 
patients with preoperative renal dysfunction Were 
excluded from the study.

Both groups received entropy guided general 
anesthesia induction (Anesthesia Depth monitor, 
General Electric, Helsinki, Finland) with fentanyl 
(1-2 µg/kg), propofol (1-1.5 mg/kg) and rocuronium 
(1 mg/kg). Two large peripheral venous lines (16 
gauge or larger), multi-lumen central venous catheter 
in the right internal jugular vein (ultrasound guided) 
and an arterial catheter in the non dominant hand 
were inserted. End-tidal inhalational concentration 
during the induction was limited to 1 mac. general 
anesthesia was maintained with a 50% mixture of air 
and oxygen with either desflurane or sevofluraneat 
a fresh gas flow of 2 litres/min. Inhalational agent 
concentrations were adjusted according to an entropy 
between 40 and 60. Ventilation was controlled to 
maintain etco2 between 32 and 36 mmHg. If mean 
arterial blood pressure (MAP) or heart rate (HR) 
remained elevated after 5 minutes, supplemental doses 
of fentanyl (0.5 µg/ kg) were given. Atropine 0.5 mg 
was given intravenously if HR drops below 45 beats/ 
min. A trancesophageal Doppler(TED) probe (Cardio 
QP) for cardiac output (CO) monitoring (EDM™; 
Deltex Medical, Chichester, UK) was inserted orally 
into the mid-oesophagus till the aortic blood flow 
signals were identified during hepatic dissection and 
after insertion of the surgical abdominal retractors. 
preoperative prothrombin activity and platelet 
count were checked prior to insertion of the probe. 
Replacement of intraoperative fluid loss was guided 
with the teD parameters.

the parameters obtained by the teD include: the 
corrected flow time (FTc) which is the systolic flow 
time corrected for heart rate, the stroke volume (SV), 
the cardiac output (CO) and thesystemic vascular 
resistance (SVR).

In both groups, boluses of colloid (6% HES 
130/0.4 Voluven; Fresenius-Kabi, Bad Homburg, 
Germany) were administered, guided by an algorithm 
depending on the Doppler estimations of stroke volume 
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and ftc. this algorithm was similar to that used by 
sinclair et al14.

ringer acetate in both groups was infused 
intraoperatively at approximately a constant rate (6 ml/
kg/hr) via an infusion pump to cover fluid deficit and 
basal fluid requirements.

Packed red blood cells (300 ml) were transfused 
when haematocrit (Hct) was <25 %.Fresh frozen 
plasma (200 ml) was administered when aPTT>70 s 
or International Normalized Ratio (INR) >2. Patients 
were planned to be extubated in the operating room 
after surgery.

Measurements

liver function tests including aspartate 
aminotransferase (AST) (U/L), alanine 
aminotransferase (ALT) (U/L), glutathione-S-
transferase (GST) (IU/ml), total bilirubin (TB) (mg/
dl), prothrombin activity (PA) (%), albumin (g/dl), and 
lactate (mg/dl) were obtained in both groups.

renal functions tests monitored included serum 
urea (mg/dl), creatinine (mg/dl), creatinine clearance 
(ml/min) and microalbuminuria (µg/ml). Samples 
were collected preoperatively, immediately and 48 
hours postoperatively.

hemodynamic parameters were monitored 
continuously and recorded before induction (T0), 
immediately after induction and before intubation 
(T1), 15 min after the intubation (T2), during dissection 
(liver mobilisation) (T3), during hepatic resection 
(T4), and post resection near the end of surgery (T5). 
TED parameters were only monitored at T3-T5 when 
the probe was inserted after intubation.

total amount of inhalational agent used 
intraoperatively was calculated automatically by using 
the Aisys® GE Healthcare Finland (Datex-Ohmeda, 
Helsinki, Finland) anesthesia machine and then 
recorded an experienced anesthesiologist who was 
blinded as to the type of inhalational agents delivered 
was in charge of collecting all the needed data.

a power analysis base on the liver function test 
ALT as the primary outcome (clinically significant 
difference of 25IU/L and a standard deviation of 23.5 
IU/L) and considering a Type I error of 5 % and a Type 

ii error of 20% indicated that 25 patients would be 
needed in each group.

Data were collected and analyzed using spss 
(Statistical Package for Social Science) program for 
statistical analysis. Data were entered as numerical 
or categorical normal distribution of the data was 
confirmed by Kolmogorov-Smirnova test. Data were 
described using minimum, maximum, mean and 
standard deviation. comparisons were carried out 
between the two studied groups using independent 
t-test. Within group comparison was carried out using 
repeated measures ANOVA.. Chi-square test and 
fisher exact test were used to measure association 
between qualitative variables. the level of statistical 
significance was considered at p˂0.05 level.

Results

the patients' demographical characteristics were 
similar in both groups (Table 1).

Table 1 
Demographic data

Sevo group
(n=25)

Des group
(n=25)

test of 
significance

(p value)

Age(years) 52.00 ± 4.769 52.72 ± 5.820 t= .478
p=0.635 NS

Gender (M/F) 21/4 17/8 X2=1.754
p =0.651

Weight 79±9.02 76±10.33 t=1.181
p=0.243 NS

Height 165.3±7.2 167.2±5.8 t=1.028
p=0.309 NS

Anesthesia 
time(minutes)

220± 26.496 222.60±10.32 p= 0.65

Except for GST in the immediate post-operative 
period and the preoperative creatinine clearance, there 
were no differences in the liver or renal functions 
between the two groups (Table 2 & Table 3).The GST 
(a more sensitive hepatic marker) was significantly 
lower in the desflurance group only in the immediate 
postoperative period (Table 3).
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while MABP was higher in the desflurane group 
compared to the sevoflurane group neart the end of the 
surgery (Figure 3). CVP and Doppler corrected flow 
time ftc in both groups were comparable and within 
normal ranges throughout the surgery, with similar 
intraoperative total (colloid volumes) (1.18+1.06 
vs 0.94+0.33 liters, P=0.258), crystalloids (Ringer 
Acetate) (3.58+1.36vs3.80+0.59 liters, P=0.225) 
infused for D and s groups respectively.

The systemic vascular resistance (SVR) was 
better preserved in group D compared to group s both 
during hepatic resection and near the end of the surgery 
(Figure 1). The stroke volume was consistently higher 
in the desflurane group compared to the sevoflurne 
group (Figure 2). The mean arterial pressure was higher 
in the sevoflurane group (Figure 2). The mean arterial 
pressure was higher in the sevoflurane group compared 
to the desflurane group during the hepatic resection 
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Table 2 
Liver function tests. Data is presented as mean±SD

Variables Time
Group S
(n=25)

Group D
(n=25)

p-value

AST (U/L)

t1 56.04±19.95 52.76±30.01 0.65

t2 165.80±145.46 137.88±54.23 0.37

t3 177.60±83.40 207.76±56.81 0.142

ALT (U/L)

t1 54.92±25.18 44.60±26.52 0.16

t2 136.76±135.99 88.00±65.11 0.11

t3 168.76±104.06 165.91±134.67 0.93

Totalbilirubin (mg/dl)

t1 1.08±0.58 1.08±0.30 0.95

t2 1.696±0.74 1.52±0.70 0.39

t3 1.768±1.22 1.81±0.99 0.88

Albumin (g/dl)

t1 3.35±0.61 3.63±0.67 0.13

t2 2.74±0.42 2.66±0.58 0.56

t3 2.64±0.34 2.84±0.42 0.06

PA (%)

t1 79.04±10.03 77.40±11.06 0.58

t2 68.72±9.68 64.52±13.00 0.20

t3 66.40±7.11 65.04±14.27 0.67

Lactate (mg/dl)

t1 20.92±9.21 17.88±8.26 1.228 0.22

t2 26.84±10.01 21.76±7.79 2.001 0.05

t3 25.64±8.54 21.96±8.27 1.547 0.12

GST (IU/ml)

t1 .0287±0.0016 0.029±0.0015 1.135 0.26

t2 .0460±0.0031 0.043±.0020 4.044 0.000

t3 .0312±0.0016 0.031±.0016 0.958 0.34

T1: preoperative; T2: immediately postoperative;T3:48 hour postoperatively;
AST: aspartate aminotransferase; ALT: alanine amininotransferase; PA: prothrombin activity; GST: Glutathion-S-transferase.
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Table 3 
Renal function tests. Data is presented as mean±SD

Variables Time
Group S
(n=25)

Group D
(n=25)

p-value

Urea (mg/dL)

t1 28.96±6.70 28.92±6.63 0.98

t2 28.24±8.99 28.32±7.16 0.97

t3 27.52±10.22 31.00±6.91 0.16

Creatinine (mg/dL)

t1 0.76±0.22 0.82±0.19 0.38

t2 0.78±0.30 0.81±0.25 0.65

t3 0.84±0.26 0.96±0.30 0.14

Creatinine clearance
(ml/min)

t1 132.64±32.48 113.40±26.12 0.02*

t2 129.36±25.82 124.40±63.15 0.71

t3 127.96±20.60 128.0±38.05 0.99

Microalbuminuria
(µg/ml)

t1 9.04±2.49 7.32±3.56 0.05

t2 14.24±8.65 14.76±3.95 0.78

t3 8.20±2.54 7.28±3.34 0.28

T1: preoperative, T2: immediately postoperative, T3: 48 hour postoperatively.

Fig. 1 
Box and Whisker plot 
of systemic vascular 
resistance (SVR) 
(dyn.sec.cm-5) in 
sevoflrance (Group S) 
and desflurane  
(Group D) groups
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Fig. 3 
Box and Whisker 
plot of Mean 
arterial blood 
pressure (mmHg) in 
sevoflurane (GroupS) 
and desflurane 
(GroupD) groups

Fig. 2 
Box and Whisker 
plot of Stroke 
volume (SV) (ml) in 
sevoflurane(Group S) 
and desflurane(Group 
D) groups
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Blood loss in D group was 567.22±70.72 ml and 
in S group was 571.2±72.28 ml with no significant 
difference between both groups, P>0.05. Blood 
transfusion requirements between both groups were 
comparable and minimal, 2 packed red blood cells 
units (PRBCs) were transfused for 4 patients in the 
D group and 3 in s group. no fresh frozen plasma 
units or cryoprecipitate were requested. anaesthesia 
time was comparable between D and S groups (220± 
26.496 vs 222.60±10.32 minutes, P= 0.65) with the 
same surgical and anaesthetic team.

Despite a higher D consumption (73±17 vs 
64±22 ml, P=0.102), the D cost in Egyptian pounds 
was lower than S (141.14 ± 32.90 vs 320.60 ± 114.01, 
P<0.001). Extubation time was significantly shorter 
with D (4.52±2 versus 7.72±2 min, P <0.01), but there 
was no difference (Days) in intensive care stay (1.40 ± 

0.50 vs 1.64 ± 0.48, P=0.09) and in hospital stay (3.36 
± 0.90 vs 3.28 ± 0.89, P=0.75) between D and S.

Discussion

the current study reveals that the two inhalational 
agents used were well tolerated as far as routine hepatic 
and renal functions.

in a previous study comparing effects of 
Sevoflurane and Isoflurane on liver functions in cirrhotic 
patients undergoing hepatectomy, a significant increase 
was found in AST and ALT with Isoflurane compared 
to Sevoflurane17. in an earlier study comparing the 
effects of Desflurane and Isoflurane on hepatocellular 
function, a significant increase in α-GST concentration 
was observed only in the Isoflurane group18.

Table 4 
TED variables: stroke volume (SV), systemic vascular resistance (SVR) and corrected flow time (FTc)

Stroke volume (SV) Groups Mean ± SD t-test p-value

T0
S 74.88±5.254

7.096 0.000*
D 84.84±4.651

T1
S 75.08±6.244

5.937 0.000*
D 83.72±3.376

T2
S 76.16±6.523

6.676 0.000*
D 85.72±2.951

Systemic vascular resistance (SVR)

T0
S 871.96±14.208

1.823 0.075 NS
D 879.28±14.181

T1
S 777.12±15.243

16.949 0.000*
D 872.72±23.728

T2
S 778.15±11.967

16.767 0.000*
D 835.04±12.022

Transesophageal Doppler corrected flow 
time (FTc, msec)

T0
S 354.44±11.783

0.487 0.629 NS
D 355.76±6.697

T1
S 358.80±8.455

0.420 0.676 NS
D 357.64±10.908

T2
S 357.36±6.575

0.492 0.625 NS
D 358.28±6.655

t0: during dissection; t1: during hepatic resection; t2: near the end of surgery.
NS: non-significant difference.
* Significant difference (p< 0.05).
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Desflurane, in particular, was expected to have the 
least effect due to its very little degradation and minimal 
excretion of organic or inorganic fluoride19,20, in contrast 
to Sevoflurane which is known to be biotransformed and 
metabolized by the liver into compound a that requires 
the kidneys for excretion; however in the present study 
the effects of Sevoflurane compared to Desflurane on 
perioperative renal and hepatic functions appear to be 
relatively similar as reflected by both routine renal and 
liver functions, including the more specific renal tubular 
monitor microalbuminuria provided that hemodynamic 
stability is maintained. this is in agreement with several 
earlier studies21,22.

gst is one of the most sensitive tests for detecting 
early hepatocellular damage. It offers significant clinical 
advantages over conventional aminotransferases for 
monitoring hepatocellular integrity. It has a short half-
life of about 60 min, much shorter than the standard 
enzyme markers ALT (about 48 h) and AST (about 
20 h). It is also predominantly found in the liver where 
it is uniformly distributed into the lobule in contrast 
with alt and ast that are found mainly within the 
periportal area. thus, substantial centrilobular necrosis 
can be accompanied by an increase in α-GST without 
a concomitant increase in serum aminotransferases23,24. 
in many studies, a disruption in the hepatocellular 
integrity with inhalation anaesthetic agents was 
observed only when the more specific hepatic marker, 
gst, was used25,26.

the changes in gst concentrations observed in 
our study in both groups was in agreement with the 
above two studies reflecting a derangement of the 
hepatocellular integrity from the combined effects of 
anaesthesia and surgical stress, together with injury 
to the liver cells during the surgical excision of the 
tumor. It also showed a more significant affection 
with Sevoflurane than Desflurane immediately 
postoperative. this will need further extensive studies 
with more patients.

AST and ALT present in hepatocytes can leak 
into the blood during the resection process. Unlike 
the present study, suttner sW et al27 and Kojs et 
al15 were able to demonstrate minimal effects when 
patients in both studies were exposed to Desflurane. 
in suttner s et al study the patients were elderly 
patients undergoing non-hepatic surgery and in the 

second study by Kojs et al, the patients enrolled in 
his study where healthy donors undergo liver resection 
for living liver transplantation donation. few studies 
monitored the effect of Desflurane in cirrhotic patients 
undergoing liver resection. tao Km et al study28 is one 
of these studies among cirrhotic patients, they stated 
that hepatic inflow occlusion during the liver surgery 
may result in a transient ischemia period followed by 
reperfusion, and may initiate liver injury. in cirrhotic 
patients, the tolerance time to ischemia is much 
shorter and the outcome would hence be worse. in 
our study and in contrast to tao Km et al study, we 
were able to perform all the liver resections with no 
occlusion of the hepatic and portal blood flow (Pringle 
Maneuver) which could explain in part why there was 
no difference between both groups in our study as they 
were able to sustain the hepatic blood flow to the liver 
cells by maintaining a haemodynamic status of stability 
throughout the procedure. it is not only the anaesthetic 
choice that plays an important role in reducing the 
liver dysfunction but the surgical technique adopted 
by the surgeons also plays an important role together 
with haemodynmic stability. our results support the 
importance of a combined and mutual understanding 
between the anaesthesia management and the adopted 
surgical technique to achieve the appropriate level of 
protection to both the liver and kidneys. Avoiding the 
Pringle maneuver during the surgical procedure (no 
ischaemic reperfusion injury) and the preservation of 
the middle hepatic vein in all the patients contributed to a 
minimal perioperative blood transfusion requirements, 
this lead to no haemodynamic supportive therapy used 
and allowed for the use of less invasive techniques for 
monitoring as the trans-oesophageal doppler adopted 
in the current study. selective vascular occlusion of 
hepatic inflow was not adopted by the surgeons in our 
study, but instead the anterior parenchymal resection 
was used and this technique did not require significant 
reduction in the cvp6,29,30.

the haemodynamic changes demonstrated 
in the results section were found to be in favour 
with Desflurane compared to Sevoflurane based 
anaesthesia, this could be due to the better preservation 
of the systemic vascular resistance with desflurane 
when used to maintain the general anaesthetic status in 
contrast to Sevoflurane. Cirrhotic patients are known 
to be peripherally vasodilated as a result of their liver 
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disease, which necessitates the use of an anaesthetic 
technique with the least effect on their vascular tone. 
Sevoflurane resulted in a sustained decrease in SVR 
and this was associated with a decrease in maBp.

In a previous study by El Sharkawy O et al6 
designed to monitor the haemodynamic changes 
among cirrhotic patients undergoing liver resection 
with teD, the authors were able to present data 
demonstrating significant haemodynamic changes that 
associate liver resection procedure itself, particularly in 
the immediate post-resection. Reporting an increase in 
sv and cardiac output as monitored by teD, together 
with an associated decrease in calculated svr despite 
stable and normal readings of both central venous 
pressure (CVP) and corrected flow time (FTc).

the present study demonstrated similar changes 
in svr and sv in both groups but with cardiac output 
increase only demonstrated with Desflurane. Similar 
changes were previously described also by niemann et 
al31 in patients with healthy livers undergoing the same 
procedure (major hepatic resection) for living donor 
liver transplantation with inhalation anaesthetic agent. 
in niemann et al study they had to inject indocyanine 
green and measure plasma levels with a pulse dye 
densitometry, not usually available in the operating 
theaters and which is still considered as a research tool. 
in contrast, the teD was used in our current study and 
was found to be easy to use and less invasive with the 
possible availability in operating suites.

the haemodynamic changes observed in this 
current study after hepatotomy could be due to the 
possible reduction in portal blood flow32 or to the 
release of various splanchnic mediators such as 
endotoxin, during liver surgery33 and changes in the 
levels of nitric oxide, a potent vasodilator, which 
could be elevated in response to endotoxin and 
cytokine release34. Boermeester, et al., found that 
these haemodynamic changes improved after the 
administration of endotoxin-neutralizing protein35.

the extubation time in this current study was 
enhanced by Desflurane as demonstrated by other 
similar studies, this may be due to the to the peculiar 
nature of Desflurane which enjoys a low blood/gas 
solubility coefficient and low metabolic rate which can 
reach to 0.02% of administered Desflurane that will 

definitely shorten and enhance recovery36,37.

one of the limitations of this study was the small 
number of the patients included, this may be attributed 
to the restricted inclusion of only major liver resection 
procedures performed for cirrhotic patients of child a.

another limitation observed when the liver was 
mobilized during resection of hepatic tumors was the 
frequent requirement to reposition the Doppler probe. 
This can be considered as an important weak point 
in the teD monitoring system which needs frequent 
attention from the anaesthetist.

the inability to continue monitoring in this 
study with the TED post-extubation as it needs to be 
left nasally which is uncomfortable with a nasogatric 
tube in place in the other nostril and finally TED traces 
were also affected during the periods of diathermy 
application from temporary interferences.

In conclusion, Desflurane was found to offer 
better haemodynamic parameters, shorter and 
enhanced recovery at a lower cost when compared 
to Sevoflurane, but neither is clinically superior to 
the other with respect to their effects on liver and 
kidneys. Both Desflurane and Sevoflurane can be 
used safely during liver surgery in cirrhotic patients. 
the statistical difference in gst between both groups 
remains to be investigated further on a larger scale for 
more evidence based support and may be at different 
clinical scenarios as in association with major blood 
loss in cirrhotic patients when a difference could 
be of clinical importance. teD was able to present 
significant hemodynamic changes in association with 
the major liver resection procedure; however the use of 
the less invasive teD monitoring and the development 
of TED guided fluid management protocols for this 
population need to be further studied, particularly 
in comparison to the routinely used standard central 
venous catheter monitoring and fluid management 
protocols with special emphasis during and after major 
liver surgery.
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Myocardial oxygenation during acute 
norMovoleMic  HeModilution: iMpact 

of Hypocapnic alkalosis

Edward a. Czinn*, M. raMEz SalEM**  
and GEorGE J. CryStal***

Abstract

Background: Increases in myocardial blood flow preserve myocardial oxygenation during 
moderate acute normovolemic hemodilution. Hypocapnic alkalosis (HA) is known to cause 
coronary vasoconstriction and increase hemoglobin-oxygen affinity. We evaluated whether these 
effects would compromise myocardial oxygenation during hemodilution.

Methods: Eighteen anesthetized dogs were studied. Myocardial blood flow (MBF) was 
measured with radioactive microspheres. Arterial and coronary sinus samples were analyzed for 
oxygen content and plasma lactate. Myocardial oxygen supply, oxygen uptake, and lactate uptake 
were calculated. HA (PaCO2, 23±2 (SD); pHa, 7.56±0.03) was induced by removal of dead space 
tubing at baseline (n=8) and during hemodilution (n = 10), with hematocrit at 43 ± 4% and 19 ± 
2 %, respectively.

Results: Hemodilution during normocapnia caused decreases in arterial oxygen content (19.9 
± 2.4 to 9.3 ± 1.2 ml/100; P < 0.05) and the coronary arteriovenous O2 difference (13.0 ± 3.0 to 6.4 
± 0.9 ml/100ml; P < 0.05). MBF increased (52 ± 12 to 111 ± 36 ml/min/100g; P < 0.05) to maintain 
myocardial oxygen supply and oxygen uptake. Myocardial lactate uptake increased (31 ± 19 to 
68 ± 35 µeq/min/100g; P < 0.05). At normal hematocrit, HA decreased MBF (57 ± 18 to 45 ± 10 
ml/min/100; P < 0.05), implying vasoconstriction, accompanied by decreased myocardial oxygen 
supply. These myocardial effects of HA were not apparent during hemodilution. HA did not alter 
myocardial lactate uptake during hemodilution.

Conclusion: When HA was induced during hemodilution, its ability to cause coronary 
vasoconstriction was lost, and myocardial oxygenation remained well preserved.

Keywords: anemia; carbon dioxide; coronary circulation; dog; myocardial blood flow: 
myocardial oxygen uptake; radioactive microspheres.
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Introduction

The increased frequency of complex surgical 
procedures with extensive blood loss, the risk of 
transmission of blood-borne antigens during donor 
blood transfusion, the high cost of transfusion 
therapy, and shortages at blood banks have led to 
the implementation of more restrictive transfusion 
triggers1,2. This has increased the number of 
hemodiluted patients in the perioperative period.

Under baseline conditions, the left ventricle 
extracts approximately 70-75% of delivered oxygen, 
resulting in a limited oxygen extraction reserve3. 
Consequently, in situations of low hemoglobin, the 
myocardium must rely primarily on increases in blood 
flow to offset the induced decreases in arterial oxygen 
content. Experimentally, this compensatory mechanism 
is adequate for maintaining myocardial oxygenation 
as long as  hematocrit ≥ 10%, as evidenced by stable 
indices of global cardiac performance, e.g., aortic 
pressure and pulmonary capillary wedge pressure, an 
unchanged value for coronary sinus PO2 (an estimate 
of myocardial PO2

4), and continued lactate extraction 
suggesting absence of anaerobic metabolism and of 
myocardial ischemia5,6.

Intentional (i.e., to reduce intracranial pressure 
in head trauma) or unintentional (e.g., excessive 
mechanical ventilation) hypocapnic alkalosis is 
common perioperatively and in critically ill patients7,8. 
Studies in anesthetized dogs9-12 and conscious 
humans13,14 have demonstrated that hypocapnic 
alkalosis can cause coronary vasoconstriction and 
a decrease in myocardial blood flow. This decrease 
in myocardial blood flow was accompanied by an 
increase in oxygen extraction, suggesting that it is due, 
at least in part, to direct coronary vasoconstriction15. 
Hypocapnic alkalosis also causes a leftward shift of 
the oxyhemoglobin dissociation curve, increasing 
hemoglobin oxygen affinity, and thus impairing 
diffusion of oxygen into the tissue16.

Although compensatory coronary vascular 
responses may maintain myocardial oxygenation 
during hemodilution under normocapnic conditions, 
these responses could be compromised when 
hypocapnic alkalosis is co-existent. The current canine 
study tested the hypothesis that hypocapnic alkalosis 

impairs the maintenance of myocardial oxygenation 
under hemodiluted conditions.

Methods

The study was conducted after approval from 
the Institutional Animal research Committee of the 
University of Illinois at Chicago. Experiments were 
performed on 18 adult, healthy, mongrel dogs of either 
sex (weight range 21-24 kg). Anesthesia was induced 
with an intravenous bolus injection of thiopental (30 
mg/kg). After tracheal intubation, anesthesia was 
maintained by controlled ventilation with 0.9 % (1 
MAC) halothane in oxygen using a semi-closed circular 
system. Initially, dead space tubing (volume of 300 ml) 
was added to the endotracheal tube with tidal volume 
and ventilator rate adjusted to establish PaCO2 at a 
physiological value (approximately 40 mmHg). This 
volume of dead space was demonstrated in preliminary 
studies to reduce arterial PCO2 by approximately 50 
% when removed. Values for PO2, PCO2, and pH in 
arterial blood samples were obtained electrometrically 
(model 413, Instrumentation Laboratories, Lexington, 
MA). Sodium bicarbonate solution was given as 
necessary to correct metabolic acidosis. Hematocrit of 
blood samples was determined volumetrically. Core 
body temperature was monitored and maintained at 
38° C with a heating pad, warmed intravenous fluids, 
and warming lights.

Polyethylene cannulas were inserted into 1) the 
thoracic aorta for monitoring arterial blood pressure 
and for obtaining samples of arterial blood for analysis, 
2) the right femoral vein for IV injections, and 3) the 
left femoral vein and left femoral artery for isovolemic 
exchange of whole blood with 5 % dextran solution. 
A left thoracotomy was performed in the fourth 
intercostal space and the pericardium was incised to 
expose the heart. A small polyethylene catheter was 
inserted into the left atrium via the left atrial appendage 
for injecting radioactive microspheres. Heparin, 300 
U/kg, was administered IV post-surgically to prevent 
coagulation in exchange circuits. Arterial pressure was 
measured with a Statham transducer (model P23ID, 
Gould, Cleveland, Ohio), averaged electronically, and 
recorded (model 2800S, Gould, Cleveland, Ohio). A 
non-cannulating electromagnetic flow transducer was 
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placed around the ascending aorta to measure cardiac 
output (less coronary blood flow).

Hypocapnic alkalosis was demonstrated in 
our preliminary studies and in previously published 
reports9,10 to cause a decrease in arterial pressure. 
Hypotension can influence myocardial blood flow 
by reducing perfusion pressure and by altering 
determinants of cardiac work demand, i.e., afterload 
and heart rate15. To avoid this potentially confounding 
variable, a controlled pressure reservoir was used17. 
Translocation of blood from the reservoir to the 
animal’s circulation stabilized arterial pressure during 
hypocapnic alkalosis.

Experimental Measurements

Regional myocardial blood flow. regional 
myocardial blood flow was measured with the 
radioactive microsphere technique, as described in 
detail previously6. This technique is based on the 
principle that microspheres injected into the left atrium 
are well mixed in the left ventricular output, that they 
distribute to body tissues in proportion to flow rate, and 
that they remain permanently entrapped18. After the 
final injection of microspheres, the heart was stopped 
with potassium chloride and excised, and full thickness 
myocardial samples were obtained from the left and 
right ventricular free walls. The samples from the left 
ventricular wall were cut into thirds transmurally and 
those from the right ventricular wall into halves to 
yield regional myocardial samples. A value for regional 
myocardial blood flow (ml/min/100g) was determined 
for each tissue sample by comparing its radioactivity, 
assessed with a gamma scintillation counter, to that in a 
reference arterial blood sample withdrawn at a known 
rate at the time of microsphere injection. A value for 
mean transmural blood flow was calculated in each 
ventricular wall by averaging the values for regional 
myocardial blood flow. An endocardial-to-epicardial 
flow ratio was calculated by dividing the value for 
myocardial blood flow in the subendocardial sample 
by that in the subepicardial sample.

Myocardial oxygen uptake. A polyethylene 
cannula was positioned in the coronary sinus through 
the right jugular vein and the right atrium for 
collecting samples of venous effluent from the left 

ventricle. One milliliter blood samples were collected 
anaerobically from the aorta and the coronary sinus 
to determine the left coronary arteriovenous oxygen 
difference. Myocardial oxygen extraction (EO2; %) 
was determined by dividing the arteriovenous oxygen 
difference by the oxygen content of the aortic blood.

Myocardial oxygen uptake (MVO2; ml/min/100g) 
for the left ventricle was calculated from the Fick 
equation: MVO2 = MBF x [(a - v) O2 difference/100], 
where MBF is mean transmural myocardial blood 
flow for the left ventricle (ml/min/100g) and the 
(a-v) O2 difference is the coronary arteriovenous 
oxygen difference (ml/100 ml). Oxygen supply to the 
left and right ventricles was calculated by multiplying 
the values for arterial oxygen content and the respective 
myocardial blood flow. Systemic oxygen supply was 
calculated by multiplying the values for arterial oxygen 
content and cardiac output.

Myocardial lactate extraction and uptake. paired 
1-ml blood samples were obtained from the aorta 
and coronary sinus and analyzed for plasma lactate 
concentration using an enzymatic method (Paramax 
Analytical System, Baxter, Irvine, CA). These 
values were used to calculate percent myocardial 
lactate extraction for the left ventricle. Myocardial 
lactate uptake for the left ventricle was calculated 
by substituting the coronary arteriovenous difference 
for plasma lactate concentration and the plasma flow 
(determined from blood flow and hematocrit) into the 
Fick equation.

Experimental Protocol

The dogs were divided into two groups. In the 
Control Group (n = 8), after baseline hemodynamic 
measurements were obtained, hypocapnic alkalosis 
was induced by removal of the dead space tubing. 
This approach avoided the hemodynamic instabilities, 
e.g., reductions in cardiac output and systemic arterial 
pressure, which characterize increases in mechanical 
ventilation19. After approximately 30 min, when 
paco2 stabilized at a minimal level (approximately 20 
mmHg), hemodynamic measurements were repeated. 
In the Hemodilution Group (n = 10), after baseline 
measurements, isovolemic hemodilution was produced 
by removing blood from the left femoral artery at a 
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rate of 20 ml/min while replacing it with 5% dextran 
(molecular weight 40,000; Baxter, McGaw Park, IL) 
pumped into the left femoral vein at the same rate. The 
total volume exchanged was 45 ml/kg, which reduced 
hematocrit by approximately one-half. The preparation 
was permitted to stabilize for 15 min after completion 
of fluid exchange before measurements of myocardial 
blood flow and related variables were repeated. 
Hypocapnic alkalosis was then induced in a manner 
identical to the Control Group (by removal of the dead 
space tubing), and final hemodynamic measurements 
were obtained.

Statistical Analysis

A power analysis was performed a priori using 
the change in myocardial blood flow (mean difference 
of 62 with a SD of 8 ml/min/100g) during acute 
normovolemic hemodilution of the same degree in 
halothane-anesthetized dogs20. These results indicated 
that a sample size of 6 would provide 100% power at a 
two-sided 0.01 significance level.

Data are presented as mean ± SD. The metabolic 
and hemodynamic findings were evaluated using the 
Student’s t test for paired samples (Control Group) 
or a one-way analysis of variance for repeated 
measures and the Student’s t test with a Bonferroni 
correction based on all possible comparisons for post 
hoc analysis (Hemodilution Group). A P< 0.05 was 
considered statistically significant. Statistical analysis 
was performed using SPSS for Windows version 15.0 
(SPSS, Inc., Chicago, IL).

Results

In the Control Group (hematocrit at baseline), 
removal of the dead space tubing caused a reduction 
in arterial PCO2 (41±2 to 23±2 mmHg) and an increase 
in arterial pH (7.38±0.02 to 7.56±0.03) (Table 1). 
Hypocapnic alkalosis decreased myocardial blood 
flow by approximately 20% in both the left and 
right ventricles (Tables 2 and 3). The endocardial-
to-epicardial flow ratio remained equal to 1.0 ± 0.2, 
indicating that the flow decreases were transmurally 
uniform. The decrease in myocardial blood flow in 
the left ventricle was accompanied by an increase 

in the arteriovenous oxygen difference (Table 2). 
The concomitant reduction in coronary sinus SO2 

was associated with a disproportionate decrease in 
coronary sinus PO2. Myocardial lactate uptake was 
unchanged (Figure 1). Hypocapnic alkalosis caused a 
modest decrease in myocardial oxygen uptake (Table 
2). Mean arterial pressure, heart rate, cardiac output, 
and systemic oxygen supply did not change (Table 1).

Fig. 1 
Effect of hypocapnic alkalosis (HA) alone and combined 

with hemodilution (HD) on myocardial lactate 
extraction and lactate uptake.

* P < 0.05 from respective baseline value

In the Hemodilution Group, hemodilution 
(hematocrit, 19±2%) with normocapnia (Table 1) 
caused an approximately 100% increase in myocardial 
blood flow in both the left and right ventricles (Tables 
2 and 3). The endocardial-to-epicardial flow ratio 
remained equal to unity. In both ventricles, the increase 
in myocardial blood flow was sufficient to offset the 
reduction in arterial oxygen content and to maintain 
oxygen supply constant (Tables 2 and 3). In the left 
ventricle, oxygen uptake was unchanged, despite 
a marked reduction in the arteriovenous oxygen 
difference (Table 2).  Percent oxygen extraction 
and coronary sinus PO2 and so2 were not affected. 
Although percent lactate extraction decreased during 
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Table 1 
Arterial blood composition and systemic hemodynamic variables during hypocapnic alkalosis (HA) 

alone and combined with hemodilution (HD

Control Group Hemodilution Group

BASELINE HA BASELINE HD HA during HD

Arterial Blood Variables 

PCO2, mmHg 41 ± 2 23 ± 2 * 39 ± 2 39 ± 2 24 ± 3 *†

PO2, mmHg 348 ± 148 329 ± 165 378 ± 151 312 ± 142 321 ± 150

pH 7.38 ± 0.02 7.56 ± 0.03 * 7.39 ± 0.02 7.39 ± 0.02 7.55 ± 0.04 *†

O2 saturation, % 95.3 ± 3.3 95.2 ± 3.3 97.4 ± 1.1 97.2 ± 1.1 97.3 ± 1.1

Hematocrit, % 43 ± 4 42 ± 4 43 ± 5 19 ± 2 * 19 ± 3 *

Hemoglobin, g/100ml 14.5 ± 1.3 14.5 ± 1.5 14.6 ± 2.0 6.8 ± 1.0 * 7.0 ± 1.0 *

O2  content, ml/100ml 19.2 ± 1.8 19.0 ± 2.0 19.9 ± 2.4 9.3 ± 1.2 * 9.5 ± 1.3 *

Plasma lactate, mEq/L 1.5 ± 0.7 3.1 ± 1.5 * 2.3 ± 0.7 3.0 ± 1.1 4.5 ± 2.1 *†

Hemodynamic Variables 

MAP, mmHg 85 ± 17 80 ± 15 87 ± 17 84 ± 14 80 ± 14

Heart  rate, beats/min 139 ± 29 148 ± 26 138 ± 14 148 ± 25 152 ± 31

Cardiac output, ml/min 1232 ± 501 1194 ± 416 1245 ± 234 1674 ± 532 1948 ± 738 *†

O2 supply, ml/min 234 ± 89 227 ± 90 250 ± 62 160 ± 66 * 190 ± 85 *

Values are Mean ± SD.  P< 0.05, * vs. BASELINE, † vs. HD. Abbreviations: PCO2, carbon dioxide tension; PO2, oxygen tension; MAP, 
mean arterial pressure.

Table 2 
Left ventricular oxygen supply and  demand variables during hypocapnic alkalosis (HA) 

alone and combined with hemodilution (HD)

Control Group Hemodilution Group

BASELINE HA BASELINE HD HA during HD

Blood flow, ml/min/100g 57 ± 18 45 ± 10 * 52 ± 12 111 ± 36 * 115 ± 44 *

Endo/Epi ratio 1.0 ± 0.2 1.0 ± 0.1 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.2

O2 supply, ml/min/100g  11.5 ± 3.8 9.1 ± 2.4 * 11.1 ± 3.1 11.1 ± 2.8 11.7 ± 3.7

O2 uptake, ml/min/100g 7.7 ± 2.7 6.6 ± 2.0 * 6.8 ± 2.1 7.0 ± 2.0 7.5 ± 2.3

(a-v) O2 diff., ml/100ml 13.6 ± 2.1 14.6 ± 2.3 * 13.0 ± 3.0 6.4 ± 0.9 * 6.8 ± 1.0 *

O2 extraction, % 67 ± 8 72 ± 7 * 61 ± 10 62 ± 7 65 ± 5

Coronary sinus values 

PO2, mmHg 32 ± 6 25 ± 5 * 31 ± 6 32 ± 6 25 ± 3 * †

PCO2,  mmHg 55 ± 4 37 ± 4 * 54 ± 5 50 ± 3 33 ± 2 * †

pH 7.32 ± 0.01 7.47 ± 0.05 * 7.31 ± 0.03 7.33 ± 0.02 7.47 ± 0.02 * †

O2 saturation, % 33 ± 8 30 ± 7 * 39 ± 10 38 ± 9 37 ± 6

O2 content, ml/100ml 6.6 ± 1.7 5.8 ± 1.5 * 8.0 ± 1.6 3.8 ± 0.9 * 3.7 ± 0.8 *

Values are Mean ± SD. P < 0.05, * vs. BASELINE, † vs. HD.  Abbreviations:  (a-v) O2 diff.; arteriovenous oxygen difference; PO2, 
oxygen tension; PCO2, carbon dioxide tension.
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constant, the increase in myocardial blood flow was 
the result of a decrease in coronary vascular resistance. 
Two factors can theoretically account for the 
decrease in coronary vascular resistance: 1) coronary 
vasodilation in response to reduced arterial oxygen 
content, and 2) reduced blood viscosity21. Hemodilution 
has been demonstrated to cause a reduction in the 
coronary vasodilator reserve in both the left and 
right ventricles, as indicated by diminished reactive 
hyperemic responses5,6. These findings provided 
evidence that coronary vasodilation was integral to the 
hemodilution-related decrease in coronary vascular 
resistance. The inability of hemodilution to raise peak 
reactive hyperemic flow argued against an influence 
for reduced blood viscosity as an explanation for this 
response5,6.

The increases in myocardial blood flow were 
proportional to the induced decreases in hemoglobin 
concentration (and thus arterial oxygen content), 
which maintained oxygen supply in both ventricles at 
the baseline level. In the left ventricle (where samples 
of venous effluent were available), the increases 
in myocardial blood flow during hemodilution 
completely offset the decreases in the arteriovenous 
oxygen difference, and thus maintained oxygen 
uptake, percent oxygen extraction, coronary sinus 
oxygen saturation, and coronary sinus PO2 constant. 
These findings were evidence that local metabolic 
control mechanisms were effective in matching the 
extent of coronary vasodilation to the prevailing 
myocardial oxygen demands15. The continued, and, 
in fact, increased uptake of lactate, was an indication 

hemodilution, presumably due to the increased flow 
rate, myocardial lactate uptake increased (Figure 1). 
The mean value for cardiac output was greater during 
hemodilution compared with baseline, but this did not 
quite achieve statistical significance (P = 0.07; Table 
1). Because the increase in cardiac output during 
hemodilution was much less than proportional to the 
reduction in arterial oxygen content, systemic oxygen 
supply decreased (Table 1).

In contrast to findings with hematocrit at baseline, 
hypocapnic alkalosis during hemodilution did not alter 
myocardial blood flow, myocardial oxygen supply, the 
coronary arteriovenous oxygen difference, or coronary 
sinus SO2; however, coronary sinus PO2 again decreased 
(all Table 2). Myocardial lactate uptake remained at the 
increased level observed during hemodilution prior to 
hypocapnic alkalosis (Figure 1). Hypocapnic alkalosis 
during hemodilution caused an increase in cardiac 
output, which was associated with visible movement 
of blood from the controlled pressure reservoir into the 
animal’s circulation (Table 1). Mean arterial pressure 
was constant during hemodilution alone and combined 
with hypocapnic alkalosis.

Discussion

In this study, we observed that hemodilution 
caused a transmurally-uniform increase in myocardial 
blood flow in both ventricular walls, a finding in 
agreement with previous investigations5. Since 
perfusion pressure (arterial pressure) was maintained 
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Table 3 
Right ventricular blood flow and oxygen supply (both in ml/min/100g) during hypocapnic alkalosis alone (HA) 

and combined with hemodilution (HD) .  

Control Group Hemodilution Group

BASELINE HA BASELINE HD HA during HD

Blood flow 40 ± 8 33 ± 6 * 38 ± 17 82 ± 30 * 90 ± 44 *

Endo/Epi ratio 1.0 ± 0.2 1.0 ± 0.1 1.0 ± 0.1 0.9 ± 0.2 1.0 ± 0.2

O2 Supply  8.2 ± 2.0 6.7 ± 1.5 * 8.0 ± 3.9 8.2 ± 2.5 9.0 ± 3.4

Values are Mean ± SD. * P < 0.05 from BASELINE.
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that myocardial oxygenation remained adequate at the 
mitochondrial level3,22. The increase in lactate uptake 
during hemodilution presumably reflected its increased 
delivery at a higher flow rate and the preference of 
the myocardium for lactate as a substrate for energy 
metabolism23.

In contrast to findings obtained in the myocardium, 
the increases in blood flow in the systemic circulation, 
i.e., cardiac output, during hemodilution were small and 
insufficient to avert a decline in systemic oxygen supply. 
Nevertheless, previous studies have demonstrated that 
systemic oxygen uptake is maintained because of the 
recruitment of an oxygen extraction reserve, which 
results in decreases in both mixed venous oxygen 
saturation and PO2

5. The reduced values for mixed 
venous PO2 during hemodilution reflected decreases 
in the aggregate PO2 of the body tissues4. However, 
arterial lactate concentration remained unchanged, 
which suggested absence of widespread anaerobic 
metabolism.

Hypocapnic alkalosis with hematocrit normal 
caused an approximate 20%, transmurally-uniform, 
decrease in myocardial blood flow in both the left and 
right ventricles, which, in the presence of controlled 
perfusion pressure, reflected coronary vasoconstriction. 
These findings are in keeping with data obtained in the 
dog9-12 and conscious man13,14.  In the left ventricle 
the coronary vasoconstriction could be attributed, 
in part, to the action of local metabolic mechanisms 
responding to a decrease, albeit modest, in myocardial 
oxygen uptake15. The latter effect was presumably the 
result of a decrease in myocardial contractility due 
to chemoreflex-mediated reduction in sympathetic 
drive24,25. The predominant coronary vasoconstrictor 
mechanism operating during hypocapnic alkalosis 
was a directly induced increase in vasomotor tone. 
The magnitude of this vasoconstriction was reflected 
in the degree to which hypocapnic alkalosis caused 
an imbalance between myocardial oxygen supply and 
demand, that is, in the increases in oxygen extraction 
and the resultant decreases in coronary sinus oxygen 
saturation and PO2

15. The increased oxygen extraction 
during hypocapnic alkalosis required a disproportionate 
reduction in coronary PO2, reflecting a leftward shift 
of the oxyhemoglobin dissociation curve.  However, 
it is important to note that hypocapnic alkalosis did 

not reduce myocardial lactate uptake or convert it to 
production, which suggested that intramyocardial 
po2 remained adequate for unimpaired oxidative 
metabolism3,22.

We observed that the coronary vasoconstrictor 
effect of hypocapnic alkalosis disappeared during 
hemodilution. The increase in myocardial blood flow 
during hemodilution remained intact and able to 
compensate fully for the reduction in the arteriovenous 
oxygen difference, and thus to maintain myocardial 
oxygen uptake. Adequate tissue oxygenation was 
implied by continued and undiminished lactate uptake. 
Apparently the local metabolic vasodilating factors 
operating during hemodilution were sufficiently 
potent to prevent the coronary vasoconstriction 
by hypocapnic alkalosis. In contrast to findings 
during normal hematocrit, a decrease in myocardial 
uptake (and the accompanying metabolic coronary 
vasoconstriction) during hypocapnic alkalosis was not 
observed in the presence of hemodilution. This may be 
due to the inability of hypocapnic alkalosis to reduce 
cardiac sympathetic tone when it was at a heightened 
state during hemodilution26.

Case et al.12 showed in anesthetized dogs 
that extreme hyperventilation (PaCO2, 11±1; pHa, 
7.74± 0.01 mmHg) with hematocrit normal caused 
severe coronary vasoconstriction, as reflected in 
coronary sinus PO2 values of less than 9 mmHg with 
a corresponding myocardial oxygen extraction of 
nearly 90%. reductions in coronary sinus PO2 of this 
magnitude are associated with insufficient myocardial 
oxygenation and lactate production22. The findings 
from Case et al. indicate that extreme hyperventilation 
may be risky in any patient, regardless of hematocrit.

Several methodological issues warrant address. 
Since anesthetic drugs may have different effects on 
baseline vascular tone, vascular reactivity, and the 
determinants of myocardial oxygen demand, it is 
conceivable that the responses to hemodilution and/
or hypocapnic alkalosis would differ if an anesthetic 
other than halothane were used. An Fio2 equal to 1.0 
was used to ensure that arterial PO2 was sufficient 
to fully saturate hemoglobin. The large variation in 
the arterial PO2 values within each condition reflects 
differences in the physiological status of the lungs of 
the dogs and the difference in their ability to tolerate 
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general anesthesia, a thoracotomy, and invasive 
surgery. However, the average arterial PO2 values were 
comparable across all treatment conditions. Previous 
canine studies have demonstrated that hyperoxia can 
be a coronary vasoconstrictor15, which in conscious 
dogs has been shown to cause an 18% decrease in 
myocardial blood flow27. The influence of this factor 
should be less in the current study because the increases 
in arterial PO2 were smaller (approximately 300 vs. 
500 mmHg). The induced reduction in hematocrit was 
to a value equivalent to the suggested “transfusion 
trigger” of 7g/100 ml and thus approximated the most 
severe degree of hemodilution likely to be encountered 
clinically. It is possible that the level of hypocapnic 
alkalosis that we tested would have been detrimental 
to myocardial oxygenation if hematocrit were reduced 
further.

In conclusion, we demonstrated that moderate 
hypocapnic alkalosis did not compromise myocardial 
oxygenation either in the absence or presence of 
hemodilution. The current findings pertain strictly to 
the specific conditions of this study. An extrapolation 
to human patients should be made only with caution. 
It would be inappropriate to apply our findings in 
the normal canine coronary circulation to the patient 
who presents with conditions, such as coronary 
atherosclerosis, which may alter the responsiveness of 
the coronary circulation to hypocapnic alkalosis and 
hemodilution.
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ASSESSMENT OF PREOPERATIVE AND POSTOPERATIVE 
ANXIETY AMONG ELECTIVE MAJOR SURGERY 

PATIENTS IN A TERTIARY HOSPITAL IN NIGERIA

AdesAnmi Akinsulore, AfolAbi m. owojuyigbe,  
ArAmide f. fAponle And femi o. fAtoye

Abstract

Background: Anxiety is an unpleasant emotional experience that involves feelings of 
tension, apprehension, nervousness and high autonomic activity. Few studies have been conducted 
in Nigeria on anxiety levels among patient undergoing surgical operation. The aim of this study 
is to assess preoperative and postoperative anxiety level of patients and identify factors that may 
influence patient’s preoperative anxiety level.

Methods: Fifty one adult patients scheduled for elective surgery in a tertiary public hospital 
in Nigeria were assessed a day before and after their surgery using a questionnaire with socio-
demographic and clinical details. Anxiety was assessed with the state portion of the State-Trait 
Anxiety Inventory (STAI) and different factors responsible for their anxiety were selected from a 
list. Statistical analysis was done using SPSS version 17.

Result: Twenty-six patients (51.0%) had significant preoperative anxiety while 8 (15.7%) 
had significant postoperative anxiety. The patients preoperative mean anxiety score of STAI (42.72 
± 9.84) was statistically significantly higher than their postoperative mean anxiety score (37.73 ± 
8.44; p =.001). In10 items of STAI, there were significant differences between the preoperative 
and postoperative mean STAI scores. Fear of complications and result of operation were the most 
common factors responsible for preoperative anxiety while few patients were anxious about nil per 
mouth, getting stuck with needle and harm from doctor/nurse mistake.

Conclusion: The prevalence of preoperative anxiety is high in Nigerian surgical patients. 
Psychological preparation and provision of correct information that addresses identified factors 
may help in reducing preoperative anxiety.

Keywords: Anxiety; Surgery; Preoperative; Postoperative; Nigeria.
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Introduction

Anxiety is an unpleasant emotional experience 
which may cause patients undergoing planned 
surgical operation to avoid such procedures1. Anxiety 
can be defined as feelings of tension, apprehension, 
nervousness, fear and high autonomic activity that 
varies in intensity and degree of fluctuation over time2. 
Extreme form of anxiety prior to surgical operation 
has been shown to lead to cardiovascular disturbances 
such as tachycardia, hypertension, arrhythmias and 
increase in postoperative pain3. Patients with high 
levels of anxiety require higher doses of anesthetic 
induction agents and recover poorly1,4. Therefore, 
efforts at assessing and reducing preoperative anxiety 
should include timely preoperative visit by the 
anesthesiologist, and appropriate premedication and 
psychological preparation of the patient.

Various instruments have been used in the 
assessment of levels of anxiety in adult surgical 
patients in the developed countries. The commonly 
used scales include the Depression, Anxiety and Stress 
Scale (DASS)5, the State-Trait Anxiety Inventory 
questionnaire (STAI)6 and the Visual Analogue Scale 
of Anxiety (VAS)1. The STAI has been validated and 
used in the Nigerian general adult population7,8. Among 
adult patients, prevalence rates of preoperative anxiety 
have been reported to vary from 11% to 80%9,10.

In Nigeria, few studies have been conducted 
on anxiety levels among patient undergoing surgical 
operation11. In a recent study conducted in Port 
Harcourt, Niger Delta region of Nigeria, a prevalence 
of 34.4% was reported using a visual analogue scale12. 
However, there is the need to assess preoperative 
anxiety with a standardized questionnaire.

Patients undergoing surgical procedure or 
operation experience fear and anxiety prior to surgery 
at one point in time or the other12,13. However, a high 
level of anxiety is very deleterious to patients’ health. 
Therefore, it is important to identify factors associated 
with high anxiety in our local population so as to 
develop appropriate management plan. Anxiety as a 
contributing factor for peri-operative complications 
has been poorly explored by Nigerian researchers. 
Identifying factors that may influence patient’s anxiety 
level will help anaesthesiologist/surgeon in preventing 

or minimizing associated complications.

The aim of this study is to assess pre and post 
operative anxiety level of patients and identify factors 
that may influence patient’s preoperative anxiety level.

Methods

Subjects

Patients scheduled for elective surgery between 
July and September 2013 participated in the study. 
The study was conducted at the Obafemi Awolowo 
University Teaching Hospitals Complex, Ile-Ife, 
Nigeria, which is a tertiary care public hospital. 
Inclusion criteria included patients aged 18years 
and above with American Society of Anesthesiology 
(ASA) classification I and II, and ability to give 
informed consent. Exclusion criteria were inability 
to give informed consent, ASA classification of III-V, 
cognitive impairment, and patients with previous 
diagnosis of anxiety or depression with psychiatric 
treatment. For the selection of individuals, we used 
a convenient sampling of consecutive patients who 
attended a pre-anesthetic consultation and met the 
selection criteria.

Procedure and Assessments

The study protocol was approved by Ethics 
and Research Committee of the OAUTHC. Written 
informed consent was taken from all the patients 
after the objectives of the study had been explained 
to them. Socio-demographic characteristics (such as 
age, sex, level of education) and clinical details (such 
as surgical procedure, past history of surgery, duration 
of illness) of patients were collected. From a prepared 
list, patients were asked to select different factors 
responsible for their anxiety. Anxiety was assessed 
using the state portion of the State-Trait Anxiety 
Inventory (STAI) questionnaire the day before and the 
day after surgery. The STAI is a self-report measure 
consisting of a 20-item state portion which assesses 
how one feels right now and a 20-item trait portion 
on how one generally feels6. In the state portion of 
STAI, ten statements express anxiety (item number 3, 
4, 6, 7, 9, 12, 13, 14, 17 and 18) while the remaining 
10 statements (item number 1, 2, 5, 8, 10, 11, 15, 16, 
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19 and 20) represent the relaxed and pleasant state of 
patient. These statements were arranged randomly and 
before each statement are responses rating patients 
level of anxiety on a 4 point scale (1 = not at 
all, 2 = somewhat, 3 = moderately so, 4 = very 
much). They were asked to pick any one response 
for each statement. Instructions were given in both 
pre-operation (a day before surgery) and post-
operation period (a day after surgery) and their 
anxiety levels were evaluated in both periods. The 
scores of STAI range from a minimum of 20 to a 
maximum score of 80. High total scores indicate 
intense fear, approaching terror and panic, medium 
scores indicate moderate levels of tension and 
worry, whereas low scores reflect feeling calm. 
The score of more than 44 on STAI was taken as 
significant anxiety and patients were categorised as 
high anxiety (STAI score >44) while low anxiety 
(STAI score ≤44).

Statistical analysis of data was done using SPSS 
version 17 software for windows. Descriptive statistics 
was calculated as frequencies, percentages and means. 
Between groups percentages were compared with Chi-
square for observed differences and paired sample t- 
test was used to determine differences in preoperative 
and postoperative symptoms and levels of anxiety. 
Level of significance was considered at p-value less 
than 0.05.

Result

Fifty-one patients (30 females and 21 males) were 
assessed. The general characteristics of all patients 
are shown in Table 1 and surgical characteristics in 
Table 2. Twenty-six patients (51.0%) had significant 
preoperative anxiety while 8 (15.7%) had significant 
postoperative anxiety. There was a statistically 
significant higher level of anxiety preoperatively as 
compared to postoperative anxiety level (p <.001). 
Also, the patients preoperative mean anxiety score 
of STAI (42.72 ± 9.84) was statistically significantly 
higher than their postoperative mean anxiety score 
(37.73 ± 8.44; p =.001) (Table 3). The individual item 
mean scores for the 20 items in STAI were compared 
preoperatively and postoperatively (Table 4). In five 
items (1, 2, 15, 19, and 20), the post operative item 

Table 1 
General Characteristics of studied Patients

Variable Female
n = 30

Male
n = 21

Total
n = 51

Age group (n, %)

18-44 years 22 (73.3) 10 (47.6) 32 (62.7)

45-64 years 7 (23.3) 10 (47.6) 17 (33.4)

≥ 65 years 1 (3.4) 1 (4.8) 2 (3.9)

Marital Status 
(n, %)

Single 2 (6.7) 7 (33.3) 9 (17.6)

Married 24 (79.0) 10 (47.6) 34 (66.8)

Separated/
Divorced

4 (13.3) 2 (9.5) 6 (11.7)

Widowed 0 (0) 2 (9.5) 2 (3.9)

Educational level 
(n,%)

Primary 6 (20.0) 5 (23.8) 11 (21.6)

Secondary 15 (50.0) 4 (19.0) 19 (37.3)

Tertiary 9 (30.0) 12 (57.2) 21 (41.1)

Religion (n,%)

Christianity 22 (73.3) 13 (61.9) 35 (68.6)

Islam 8 (26.7) 8 (38.1) 16 (31.4)

Ethnicity (n,%)

Yoruba 21 (70.0) 14 (66.7) 35 (68.6)

Igbo 9 (30.0) 6 (28.6) 15 (29.4)

Hausa 0 (0.0) 1 (4.8) 1 (2.0)

mean scores were significantly higher than in the 
preoperative item mean scores. On the other hand, in 
another five items (3, 4, 12, 13, and 17) the postoperative 
item mean scores were significantly lower than the 
preoperative item mean scores. In the other 10 items 
left (5, 6, 7, 8, 9, 10, 11, 14, 16 and 18), there were no 
significant differences between the preoperative and 
postoperative mean STAI scores. Observing different 
factors that may be responsible for preoperative 
anxiety showed that the most common factors were 
fear of complications and result of operation (n = 36; 
70.6%),concern about family (n = 28; 54.9%) and fear 
for one’s life (n = 27; 52.9%). Only 6 patients (11.8%) 
were anxious because of nil per mouth, getting stuck 
with needle and harm from doctor/nurse mistake.
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Table 3 
Comparison of level of anxiety preoperatively and post-

operatively among respondents

Variable Statistics
Preoperative Postoperative χ2/t-value p-value

Low Anxiety 25 (49.0) 43 (84.3) 14.29 <.001
High Anxiety 26 (51.0) 8 (15.7)

Mean Anxiety 
score

42.72 37.73 3.71 .001

(Standard 
deviation)

(9.84) (8.44)

Table 4 
Comparison of preoperative and postoperative 
individual item mean score for the State-Trait 
Anxiety Inventory (State form) among patients

Symptoms of 
anxiety

Preoperatively
Mean (± SD)

Postoperatively
Mean (± SD)

p-value

1. I feel calm 2.41 (1.04) 2.76 (0.93) .017

2. I feel secure 2.59 (0.94) 2.96 (0.92) .019

3. I feel tense 1.71 (0.78) 1.37 (0.66) .004

4. I feel strained 1.59 (0.83) 1.20 (0.53) .007

5. I feel ease 2.14 (1.04) 2.24 (0.93) .564

6. I feel upset 1.24 (1.04) 1.23 (0.58) 1.000

7. I  am presently 
worrying 
over possible 
misfortunes

1.27 (0.57) 1.27 (0.69) 1.000

8. I feel satisfied 2.29 (0.90) 2.41 (0.88) .528

9. I  feel 
frightened 

1.73 (0.78) 1.47 (0.78) .091

10.  I feel 
comfortable 

2.14 (0.87) 2.37 (0.82) .070

11.  I feel self- 
confident 

2.33 (0.91) 2.53 (0.83) .207

12. I feel nervous 1.80 (0.83) 1.37 (0.69) .001

13. I feel jittery 1.61 (0.69) 1.27 (0.63) .002

14.  I feel 
indecisive

1.21 (0.54) 1.23 (0.59) .799

15. I feel relaxed 2.03 (0.94) 2.45 (0.81) .003

16. I feel content 2.29 (0.94) 2.29 (0.81) 1.000

17. I feel worried 1.90 (0.73) 1.53 (0.67) .003

18.  I feel 
confused

1.35 (0.66) 1.20 (0.57) .185

19. I feel steady 2.31 (0.93) 2.67 (0.84) .002

20. I feel pleasant 2.14 (0.98) 2.73 (0.87) .001

Table 2 
Clinical Characteristics of Patients

Frequency Percentage (%)

Surgical procedure 
General

31 60.8

Gynaecological 12 23.5

Orthopaedics 4 7.8

Maxillofacial 3 5.9

Urology 1 2.0

Past history of 
surgery

Yes 13 25.5

No 38 74.5

ASA Classification

I 17 33.3

II 34 66.7

Type of anaesthesia

General 45 88.2

Subarachnoid block 6 11.8

Premedication

Yes 17 33.3

No 34 66.7

Duration of illness

<3 months 4 7.8

3-12 months 21 41.2

13-60 months 24 47.1

>60 months 2 3.9
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Discussion

Medical procedures especially surgery is very 
stressful with associated psychological effects such 
as anxiety. Generally patients undergoing surgery 
experience anxiety before surgery. The result of this 
study showed that the prevalence of high anxiety in 
surgical patients preoperatively was found to be higher 
than the postoperative prevalence. This is consistent 
with prior study by Nijkamp et al14, who reported 
that the level of anxiety in their patient decrease after 
surgery. There are possible explanations for the above 
observation. First, the reduction in the anxiety level 
may be due to reduction of presenting symptoms or the 
expected relief of symptoms immediately after surgery. 
Second, most patients in this study have great concern 
about the outcome of surgery. The fact that they survive 
the surgery and did not die on the operating table or 
having any serious complication known to them may 
be a possible explanation for the reduction in anxiety 

level during the post-operative period. Furthermore, 
the erroneous information received from the general 
public about the outcome of anesthesia may have great 
impact on the anxiety levels of patient; for example, 
it is believed that most patients that die did not wake 
up following surgery due to anesthetic complications15.

There are various factors responsible for 
preoperative anxiety in patients undergoing surgical 
operation. In this study, the most common factors 
responsible for preoperative anxiety were fear of 
complications and result of the operation. This shows 
that there are lots of uncertainties associated with the 
outcome of surgery in our environment. Jawaid et al16 
demonstrated that their patient’s most common cause 
of preoperative anxiety was concern about family 
while in our study it was ranked third. Similarly, fear 
of complications and results of operation that ranked 
second and third in Jawaid study16 were the most 
common cause of anxiety in our study. Interestingly, 
nil per mouth, getting stuck with needle and harm from 
doctor/nurse mistakes were the least concern for our 
patients.

Reduction of fear and anxiety is one of the 
objectives of assessment by the anesthetist before 
surgery. The level of anxiety before surgery in this 
study was very high despite the fact that all the patients 
had pre-anesthetist visit. During the anesthetist visit 
prior to surgery, in most of the time, only the patients’ 
fitness for anesthesia and health status were routinely 
assessed without considering the patients’ anxiety 
level. Therefore, there is the need to assess the level of 
anxiety in all patient undergoing surgery and manage 
it effectively. In addition, provision of adequate 
information about the disease, diagnostic processes 
and treatment options will also help in reducing the 
level of patients’ anxiety. However, the information 
provided for patient should be individualized and 
adjusted to their need in order to prevent paradoxical 
increase in the level of anxiety17.

In this study, there mean scores of five anxiety-
present items (#3, 4, 12, 13, 17 and 18) of the STAI 
were significantly higher in the preoperative period 
than postoperative period. Moreover, only five 
anxiety-absent items (#1, 2, 15, 19 and 20) of STAI 
were significantly lower in the preoperative period 
when compared with the postoperative period. This 

Table 5 
Factors that may be responsible for preoperative 

anxiety among patients

Factors Frequency Percentage 
(%)

1. Fear of complications 36 70.6

2. Result of operation 36 70.6

3. Concern about family 28 54.9

4. Fear for one’s life 27 52.9

5. Post operative pain 18 35.3

6.  Awareness during 
surgery

15 29.4

7. Fear of disability 14 27.5

8.  Need of blood 
transfusion

12 23.5

9. Waiting for operation 11 21.6

10. Financial loss 9 17.6

11. Fear of unknown 7 13.7

12. Nil per mouth 6 11.8

13.  Getting stuck with 
needle

6 11.8

14.  Harm from doctor/
nurse mistake

6 11.8
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finding suggests that there is a need to further study 
the usefulness of the 20-item version of STAI in this 
environment and such study might also look at the 
possibility of creating a shorter item version of STAI 
(e.g. 10-item version of STAI).

Although our study has provided valuable 
information regarding the prevalence of preoperative 
and post-operative anxiety among surgical patients, 
there is the need to acknowledge that there were some 
limitations that could be addressed in future research.

First, the study was conducted in a single centre 
and this might not be representative of all the surgical 
patients in Nigeria. Second, our cut-off point for high 
anxiety was based on studies done among non patient 
population and this may not be fully applicable to 
surgical patient group. Finally, this study did not 
assess patients’ anxiety level prior to admission and 
this may affect the prevalence of anxiety level of 

surgical patients. Therefore, future research may focus 
on preadmission anxiety level among surgical patient 
and the use of medication among those at higher risk 
of anxiety.

In conclusion, the prevalence of preoperative 
anxiety is high in Nigerian surgical patients.

Fear of complications and the result of operation 
were the most common factors responsible for 
preoperative anxiety. Provision of correct and adequate 
information on identified factors may help in reducing 
preoperative anxiety. Such information should be 
patient specific and tailored towards patients need. This 
study has demonstrated the importance psychological 
preparation of surgical patients and the need for 
psychological intervention when indicated. Therefore 
psychological assessment should be incorporated as 
part of routine assessment for patient that is being 
worked up for elective surgery.
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THE EFFECTS OF LISTENING TO THE MOTHER’S 
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Abstract

Background: The present study aimed to evaluate the effects of listening to the mother’s 
heartbeat and womb sounds on the depth of anaesthesia in children.

Methods: The present study included 40 children scheduled for minor surgery under general 
anaesthesia, with an American Society of Anaesthesiologists (ASA) status of 1 to 2. Anaesthesia 
was induced with sevoflurane, and maintained with sevoflurane and oxygen in nitrous oxide. 
Patients were randomly divided into two groups. The children in Group I were made to listen 
to recordings of their mothers’ heartbeat and womb sounds via earphones during anaesthesia 
induction, while those in Group II were made to listen to ambient noise via earphones. The music 
was turned off when the inhalational anaesthetics were discontinued. Intraoperative monitoring 
included electrocardiogram (ECG) recordings, heart rate (HR), oxygen saturation, non-invasive 
systolic blood pressure (SBP) and diastolic blood pressure (DBP), bispectral index system (BIS), 
end-tidal (ET) sevoflurane, ET N2O, ET CO2, and SaO2.

Results: In Group I, there was a significant decrease in bispectral index (BIS) values over 
time (p <0.05). Although blood pressure and heart rate were lower in Group I, no significant 
differences between the groups were detected. While the duration of extubation was shorter in 
Group I, overall, there was no significant difference between the groups.

Conclusion: We found that children exposed to recordings of their mothers’ heartbeat and 
womb sounds in addition to music had lower BIS values under anaesthesia, which indicates deeper 
anaesthesia levels.

Keywords: child, age, audit, depth of anaesthesia.
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Introduction

Music is an essential part of human life, and its 
multifaceted aspects have revived interest in its use in 
the medical field. Although not curative alone, music 
has been shown to help in relieving pain, in allowing 
individuals to express themselves, and in alleviating 
stress1-3. The use of music during the anaesthesia phase 
of surgery could potentially serve as an adjunctive 
therapy across patient populations, including children.

When treating children, induction of anaesthesia 
should be carefully monitored, both medically and 
psychologically. Anaesthesia should prevent the child 
from experiencing the trauma of the surgical procedure, 
and not lead to additional trauma. To that end, we 
considered whether it would be beneficial for patients 
to listen to music he/she chose during the perioperative 
period, as a simple, cheap, and non-invasive method 
in addition to pharmacological methods. (Listening 
to white noise, which masks ambient noise, has also 
been found to decrease anxiety and worry, although to 
a lesser extent than music). Porcaro et al demonstrated 
that a foetus can respond to a mother’s heart beat and 
external auditory stimuli4. Further, in a study evaluating 
the effects of music on the bispectral index system 
(BIS) and the sedation levels during the preoperative 
period, Ganidagli et al found that listening to music 
during midazolam premedication increased the level 
of sedation and decreased the BIS values during the 
preoperative period5.

The aim of our study was to evaluate the effects 
of listening to music along with the sound of their 
mother’s heartbeat and womb sounds on the depth of 
anaesthesia in children.

Methods

After approval was obtained from the hospital 
ethics committee, 40 children, aged 0 to18 months, 
scheduled for minor surgery and having an American 
Society of Anaesthesiologists (ASA) status of 1 to 2, 
were included in the study. Children with hearing 
problems were excluded. Written informed consent was 
obtained from the children’s parents, and each child was 
evaluated preoperatively. Children older than 6 months 
were premedicated with 0.8 mg/kg intranasal midazolam 

20 minutes before the surgery. The BIS monitoring 
was initiated with the induction of anaesthesia. After 
anaesthesia was induced with oxygen and sevoflurane, 
intravenous catheterization was performed. Normal 
saline (1/3) at a dose of 5-10 ml/h was started, and 
after muscle relaxation had been achieved with 0.6 mg/
kg of rocuronium, anaesthesia was maintained with 
sevoflurane and 50% O2 in 50% N2O. After induction, 
patients were given 20 mg/kg of rectal or intravenous 
paracetamol for postoperative pain relief. During the 
procedures, the minimal alveolar concentration (MAC) 
of sevoflurane was maintained at 1.5. After the surgery, 
atropine (0.01 mg/kg) and neostigmine (0.05 mg/kg) 
were administered to all children to reverse the action 
of the muscle relaxant. Patients were randomly assigned 
to two groups: the children in the first group (Group I) 
listened to their mothers’ heartbeat and womb sounds 
in addition to music, and the children in the second 
group (Group II) listened to recorded ambient noise via 
earphones. During anaesthesia induction, the children 
in Group I listened to a CD recording of their mothers’ 
heartbeat and womb sounds via earphones; the music 
was turned off when the inhalational anaesthetics were 
discontinued.

Patients’ age, gender, ASA status, and type of 
surgery were recorded. The time from the beginning 
to the end of anaesthesia was defined as “duration of 
anaesthesia”, and the time from the beginning to the 
end of surgery was recorded as “duration of surgery”. 
Extubation time was recorded, and the time interval 
between the discontinuation of anaesthetic gases and 
extubation was recorded as “duration of extubation”. 
In addition, BIS, systolic blood pressure (SBP) 
and diastolic blood pressure (DBP), end-tidal (ET) 
sevoflurane, ET N2O, ET CO2, and SaO2 values were 
recorded before anaesthesia induction (baseline), 
at 10-minute intervals during anaesthesia, and 
immediately after the inhalational anaesthetics were 
discontinued (recorded as “end of procedure”).

Statistical Analysis

Data were analysed with the statistical package 
for the social sciences (SPSS Inc., Chicago, IL) 
version 15.0 software. Repeated measures analysis of 
variance (ANOVA) was used for the analysis of data. 
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Least significant difference (LSD) test was used in 
evaluating the differences. The statistical significance 
level was set at p ≤0.05.

Results

The groups were similar in terms of age, gender, 
ASA group, duration of anaesthesia, duration of 
surgery, and duration of extubation (p >0.05; Table 1).

Table 1 
Demographic data

Group I 
(n = 20)

Group II 
(n = 20)

p

Age (months) 10.6 ± 4.9 12.9 ± 4.7 0.7

Gender (male/female) 13/7 17/3 0.13

ASA status 1 or 2 18/2 19/1 0.69

Duration of surgery (min) 42 ± 16 40 ± 19 0.44

Duration of anaesthesia (min) 50 ± 16 49 ± 17 0.74

Duration of extubation (min) 2.9 ± 2.8 5.2 ± 3.6 0.94

Data are presented as mean ± SD or n/n, where appropriate.
ASA: American Society of Anaesthesiologists; min: minute.

When the effects of midazolam premedication 
(performed in children younger than 6 months 
before anaesthesia) on BIS values were evaluated, no 
significant difference was found between the groups 
(p >0.05).

In Group I, SBP, DBP, and heart rate (HR) values 
showed a significant decrease over time; however, 
inter-group analysis revealed no significant difference 
between the groups (p >0.05, Table 2). In Group I, 
ET sevoflurane concentrations at 10 and 20 minutes 
were significantly different from the concentrations at 
baseline; however, there was no difference between 
the groups in terms of ET sevoflurane concentrations 
(p >0.05). Inter-group and intra-group comparisons 
revealed no difference regarding peripheral oxygen 
saturation, ET N₂O concentrations, and ET CO₂ 
(mmHg) concentrations (p >0.05, Table 2). However, 
for Group I, listening to their mothers’ heartbeat and 
womb sounds in addition to music had a significant 
effect on BIS values. The BIS value measured at 
baseline and at the 30-minute interval in Group I was 
significantly lower than that of Group II (p <0.05). 

Table 2 
The changes in systolic blood pressure (mm Hg), diastolic blood pressure (mm Hg), heart rate, 

 and bispectral index system values over time

Baseline 10 min 20 min 30 min
End of 

procedure
p

SBP Group I 
(n = 20)

90 ± 7 83 ± 10 85 ± 8 86 ± 9 94 ± 11 0.275

Group II 
(n = 20)

94 ± 12 94 ± 12 95 ± 10 96 ± 10 102 ± 15

DBP Group I 
(n = 20)

49 ± 6 45 ± 7 47 ± 6 48 ± 8 56 ± 12 0.206

Group II 
(n = 20)

49 ± 11 51 ± 9 52 ± 6 52 ± 8 57 ± 17

HR Group I 
(n = 20)

143 ± 14 131 ± 12 129 ± 15 122 ± 15 135 ± 18 0.089

Group II 
(n = 20)

127 ± 15 121 ± 15 120 ± 14 119 ± 17 128 ± 18

BIS Group I 
(n = 20)

80 ± 8 48 ± 9 49 ± 10 51 ± 10 72 ± 9 0.014

Group II 
(n = 20)

73 ± 20 54 ± 13 56 ± 12 58 ± 10 71 ± 10

Data are presented as mean ± SD.
SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; BIS: bispectral index system.
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Intra-group analysis revealed that the change in BIS 
values over time was significant at all time points 
in Group I, while there was a significant difference 
between the BIS values measured at 10, 20, and 30 
minutes in Group II (Table 2).

Discussion

At present, the use of pharmacological agents 
in outpatient practice is limited because of their 
prolonged effects, and thus researchers continue 
their efforts to find alternative non-pharmacological 
methods to prevent patient anxiety. In anaesthesia 
practice, listening to music during the preoperative 
period has been found to have an anxiolytic effect6-8. 
Individuals are mostly affected by music of their own 
culture, as that can often better express their emotions, 
although the choice of music varies according to the 
social and cultural structure of the population they 
live in and their education level. Therefore, in our 
study, infants between the age of 0 and 18 months 
were made to listen to their mother’s heartbeat and 
womb sounds (as the most known, familiar, and best-
recognized noise) along with music, and its effect 
on the depth of anaesthesia levels was evaluated 
using BIS monitoring. Our study demonstrated that 
listening to the mother’s heartbeat and womb sounds 
during surgical intervention increased the depth of 
anaesthesia, as could be seen from the BIS values 
of the groups (<50 in Group I and >50 in Group II). 
This finding is consistent with those of Ovayolu et al9, 
who reported that listening to Turkish classical music 
decreased anxiety, pain, and dissatisfaction in patients 
and reduced the dose of sedative drugs used during 
colonoscopy.

We found that induction of anaesthesia while 
maintaining the BIS between 45 and 60 decreased 
propofol use and allowed rapid awakening. Bannister 
et al also found that the use of sevoflurane, desflurane, 
and isoflurane led to rapid awakening and a decrease in 
the use of anaesthetic drugs10. Another study revealed 
that BIS monitoring decreased the dose of anaesthetic 
drugs, shortened the duration of extubation, and eased 
awakening11. Bannister et al10 carried out a study on 
children between the ages of 0 and 3 years and the ages 
of 3 and 18 years, who received sevoflurane and 60% 

N2O/O2 as anaesthetics. They created a BIS-controlled 
group and compared the data of this group with that of 
a control group given a standard anaesthesia protocol. 
They found that when the BIS values of children 
between the ages of 0 and 6 months, who were 
given combined general/regional anaesthesia, were 
maintained between 45 and 60, the use of anaesthetic 
drugs decreased with no effect on awakening and 
recovery period. These same researchers found 
that in children aged 6 months to 3 years, who were 
anaesthetized with BIS-controlled combined general/
regional anaesthesia, the requirement for anaesthetic 
drugs did not decrease and the recovery time was 
not affected. BIS-controlled anaesthesia decreased 
anaesthetic use, and provided early awakening and 
rapid recovery in older children. Zhang et al12 evaluated 
the effects of music on the requirement for target-
controlled infusion of propofol and demonstrated the 
beneficial sedative effects of music during combined 
spinal-epidural anaesthesia. Further, a study evaluating 
the efficacy of music in providing preoperative sedation 
by observer's assessment of alertness/sedation (OAA/
SS) and BIS measurements showed that the level of 
sedation was significantly decreased in the group that 
listened to music5.

In our study, we found that the duration of 
extubation was shorter in children who listened to their 
mothers’ womb sounds (2.9 minutes vs 5.2 minutes for 
the control group). In addition, they experienced early 
awakening and rapid recovery; however, there was no 
significant difference between the two groups.

Besides being used to measure the depth of general 
anaesthesia, the BIS index is also used to monitor the 
level of sedation13. The fact that awareness incidence 
can be as high as 0.8% clearly shows the importance 
of monitoring the depth of anaesthesia in paediatric 
patients14. As the use of BIS monitoring in children 
is still being debated, we used traditional monitoring 
methods along with BIS in this study. In our study, 
intra-group analysis performed in both groups showed 
a significant decrease in HR, SBP, and DBP compared 
to baseline values. However, although the decrease in 
Group I was higher than that of Group II, there was no 
significant difference between the groups.

Denman et al15 found that BIS measurements of 
awake and anaesthetized children between the ages of 1 
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month and 12 years correlated with the data from adults 
used as the control group; in other words, BIS values 
do provide correct clinical information for children. 
It has also been demonstrated that BIS could be used 
in controlling the depth of anaesthesia in children 
other than infants, as well as decreasing medication 
consumption and speeding awakening in children 
older than 3 years16,17. Rodriguez et al18 evaluated the 
relationship between BIS measurements and simple 
clinical findings in children between the ages of 4 
months and 14 years, and found that BIS values during 
inhalation induction correlated with several levels of 
hypnosis. On the other hand, Davidson et al16 found a 
relationship between BIS values and ET sevoflurane in 
children undergoing circumcision, but this relationship 
was not present in infants. They pointed out that, 
similar to adults, BIS values in children increased with 
the decrease in ET sevoflurane concentrations during 
arousal; however, they stressed that BIS values should 
be carefully interpreted in infants. They stated that 
BIS values in infants vary across a broad spectrum; 
in their study, BIS values were low immediately 
before arousal, and again during arousal, indicating no 
correlation between ET sevoflurane and BIS values.

In our study, while ET sevoflurane, ET N₂O, and 
ET CO₂ concentrations were similar in both groups, 
BIS values in the children who listened to music were 

lower. Although there were no significant differences 
between the groups, ET sevoflurane and ET N₂O 
concentrations were higher in Group II. The fact that 
there was no difference between the groups indicates 
that we maintained MAC at the same level in all 
patients.

In the children who were premedicated with 
midazolam (0.08 mg/kg IM), perioperative music was 
associated with higher sedation levels and decreased 
BIS values5. We also found that premedication with 
midazolam before anaesthesia had similar effects on 
the BIS values of both groups. While children younger 
than 6 months had lower BIS values than those older 
than 6 months, the mean BIS values of the groups were 
similar. In Group I, there was a significant decrease 
in the BIS values of over time (p <0.05). While there 
was no significant difference between the groups in 
terms of mean SBP, DBP, and HR, these parameters 
were lower in Group I versus Group II. Duration of 
extubation was shorter in Group I than in Group II; 
however, the difference between the groups did not 
reach statistical significance. Our findings do indicate 
that listening to their mother’s heartbeat and womb 
sounds along with music decreased the BIS values 
and increased the depth of anaesthesia in children 
undergoing minor surgery.
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Learning By SimuLation

Ghaleb Okla* and dOuGlas eden**

in this article, the authors will discuss the general history of simulation-based medical education 
(SBme)1 including what simulation is, why simulation should be used and clinical simulation lab 
evaluation. With simulation labs emerging internationally and across multiple disciplines, the 
article will shed light on the positive impact of simulation in education and the high return on the 
investment that simulation requires to be most effective. additionally, the article will address the 
question of whether or not the use of simulation as an education technique is a “passing trend”.

as early as 1910.simulation was used in aviation as a training method and skills improvement 
of pilots in World War i2. the standard training for pilots developed simultaneously with pilot 
simulation training. aviation continues to remain on the forefront of simulation use and development 
into the 21st century. Simulation has played a key role in the advancement of aviation training over 
the last hundred years.

though aviation was on the cutting edge of simulation during WWii, troopers were also 
utilizing simulation for learning horse riding2. mechanical horses aided in training members of 
the military who had no previous experience riding horses and mechanical horses are still used in 
training today3. the military continues to be one of the leading users of simulation for multitude 
of training objectives, evaluation, and improvements. although simulation in the military involves 
a long history of gaming4 to predict outcomes and prepare for battle, contemporary military 
simulation includes medical training along with combat training5.

a wide variety of disciplines are also utilizing simulation training. these disciplines include 
but are not limited to:

•	 Aerospace	 industry:	a	natural	extension	of	 the	aviation	 industry,	utilizing	simulation	 in	
similar ways.

•	 Nuclear	 Industry:	 has	 achieved	 reasonably	 safe	 records	 over	 the	 second	 half	 of	 the	
twentieth century due to an intensive use of simulation training8.

•	 Law	Enforcement:	 use	 of	 simulations	 to	 prepare	 officers	 for	 nearly	 any	 scenario	 they	
might face on the streets.

The	medical	 profession	 has	 been	 a	 relatively	 recent	 newcomer	 to	 the	 use	 of	 high-fidelity	
simulation9. one author referred to the growth of simulation in medicine as a “prolonged gestation”9. 
medicine has long used low-tech mannequins for CPr training. By the end of the 20th century, 
hi-fidelity	simulation	mannequins	and	dedicated	laboratories	were	becoming	the	new	standard	for	
medical schools, hospitals and nursing and allied health training programs. medical simulation 
mannequins are now available in 3D for advanced medical training in trauma, anesthesia, obstetrics, 
neonatology, respiratory care and numerous other specialties10.	The	first	 use	of	 a	 computerized	
simulator for SBme was established at the university of miami medical School in the 1960’s11. 
medical students and residents were trained in cardiology using the simulator nicknamed “Harvey”, 
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and those practitioners outperformed their traditionally 
trained peers12. Ziv referred to SBme as an ethical 
imperative13 suggesting that simulation is an essential 
component of the medical training curriculum.

the rationale for simulation use in medicine has 
long been based on improving patient outcomes. the 
number that continues to drive the use of simulation 
for medical training in the united States is the widely 
quoted 98,000 accidental hospital deaths annually. 
this alarming number has remained constant for over 
a decade14. the actual number of accidental hospital 
deaths may be higher and closer to 400,000 deaths15. 
to provide some perspective, these numbers exceed 
the total sum of deaths in the united States from 
automobile accidents, breast cancer and aiDS. two 
studies looked at the adverse effects in hospitalized 
patients and the percentage of adverse effects that lead 
to death16,17. one study reported that in Colorado and 
utah adverse events occurred in 2.9 percent of patients 
and that death was the outcome in 6.6 percent of those 
adverse events16. another study in new york reported 
adverse events in 3.7% of hospitalizations with death 
as the outcome in 13.6% of those cases17.

the question that naturally follows the simulation 
conversation in medicine is “does simulation increase 
patient	 safety”?	 There	 appears	 to	 be	 no	 definitive	
statistical link at this time between simulation use 
and positive outcomes though further studies are 
encouraged17. over the last decade, research from around 
the world indicates that simulation helps in improving 
safely by training users on high-end technologies 
associated with anesthesia and surgical procedures. 
SBme has been linked to clinical improvement in 
laparoscopic surgery outcomes and adherence to 
aCLS protocol17. as a stand-alone training method 
with direct impact to patient safety, the data on use of 
medical simulation is still lacking though supporters 
maintain that it is better to train on simulators and move 
to live patients than to train directly on live patients. 
mcgaghie claimed that SBme with deliberate practice 
was superior in achieving clinical skills to the traditional 
medical education of “see one, do one, teach one”18. 
More	studies	are	needed	to	confirm	a	permanent	role	for	
medical simulation training in improving patient safety.

in 2005 the position of the Joint Commission on the 
accreditation of Healthcare organizations (JCaHo) 

on simulation use in medicine was supportive. JCaHo 
issued a statement that recommends the adoption 
of simulation technology and the establishment of 
evidenced-based research to prove impact on patient 
safety. JCaHo went on to propose that those seeking 
to implement simulation technology pursue proposals 
to offset the cost19 of constructing Sim-Center labs.

medical simulation has become state of the 
art and extremely valuable in the early phases of all 
medical training20,21. For instance, simulation training 
has become a routine part of training for respiratory 
therapists in the united Sates22. respiratory therapists 
are frequently involved in resuscitations, trauma, and 
ventilator care as a daily part of their duties. Low-tech 
simulation laboratories have become less common in 
respiratory training programs and high-tech simulation 
laboratories are slowly becoming more common22. in 
colleges that share space with registered nurse training 
programs	 the	 cost	 may	 be	 more	 justifiable.	 High-
Fidelity simulators are available in the form of Sim-
man, Sim-Baby, Sim-mom, and various a la carte add-
ons for trauma and respiratory diseases11. the cost of 
one	high-fidelity	simulator	with	associated	equipment	
can reach $uS200,000.0023. the cost of building a 
high-tech simulation lab, or converting space, can 
be in excess of $uS1,000,000.00 and prohibitive for 
some budgets.

the development of medical education, 
at	 any	 level,	 fits	 into	 a	 general	 framework	 of	
clinical assessment using a simple pyramid model 
from bottom-to-top: knowledge, competencies, 
performance, and action24. all levels of simulation 
facilitate critical thinking skills needed in the learning 
process. in terms of evidenced-based research that 
lends legitimacy to the claims that patient safety is 
improved by use of simulation the literature is slowly 
piling up. Berkenstadt called SBme a “mistake-
forgiving” environment25. there are numerous 
other	 benefits	 from	 the	 use	 of	 simulation	 in	medical	
education	 and	 they	 all	 fit	 into	 the	 universal	mission	
of improving patient outcomes. teamwork within 
disciplines and interdisciplinary teams is established 
through the use of simulation as well as collaborative 
strategies. Bearman referred to SBme as linked to 
a “new professionalism” that supports a patient-
centered and team-based approach to healthcare26. a 
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range of technologies are available via simulation and 
frequent practice assists users in developing a wide 
range of skills. For instance, simulation allows for the 
development of clinical judgment and the process of 
acclimation to accountability for patient outcomes.

the most valuable phase of simulation may 
take place during the evaluation process that is often 
associated	 with	 a	 debriefing	 session27.	 Debriefing	
sessions are held immediately after a simulation 
experience with participants and evaluators sitting 
around a table. these sessions are designed to be 
a time when participants can speak freely about 
the simulation, watch video of the simulation, and 
generally	and	specifically	discuss	what	went	well	and	
what	needed	improvement.	The	Debriefing	Assessment	
for Simulation in Healthcare (DaSH) program at 
Harvard	Medical	Simulation	Center	is	a	fine	example	
of	how	debriefing	can	be	utilized	to	enhance	medical	
training28.	A	trained	debriefing	guide	sets	a	friendly	tone	
but typically does little of the talking unless problems 
arise. a common technique is to write down on a board 
lists of how the participants critique themselves (what 
went	well	and	what	did	not	go	well).	Debriefing	guides	
withhold their view of what transpired during the 
simulation until the conclusion and only state minimal, 
objective facts shared in a positive light.

the simulation experience is enhanced when 
participants have had a live set of clinical experiences 
to create a framework. often students will say that they 
appreciated their simulation experience more after they 
went to a live clinical experience. Students are allowed 
to makes errors in the simulation environment both 
minor and major without fear of a penalty and they 
are pre-briefed about this criterion ahead of time. the 
simulation experience becomes more rich and valuable 
when students understand the philosophy of simulation 
and feel free to fully immerse themselves in the role-
playing model. at the conclusion of the simulation and 
debrief there should be a positive feeling of satisfaction 
among students, mentors, and faculty. there is an 
axiom in simulation that strongly discourages anyone 
leaving	 the	 simulation	 and	 debriefing	 session	 with	
negative feelings.

Simulation always provides hands-on training 
that students universally desire and that builds skills 
and	confidence.	From	measuring	a	blood	pressure	 to	

placing eCg leads, interpreting cardiac rhythms to 
manipulating mechanical ventilators, auscultating 
breath sounds to physical assessment, simulations allow 
students to develop through role playing as respiratory 
therapists, doctors, nurses and even family members of 
the patient. Students will often receive clinical contact 
hours for their experience in the simulation lab.

Simulation is not always expensive, offering 
less costly options such as the use of “standardized 
patients”. a standardized patient is a real person who 
volunteers or is paid to play the role of a hospital 
patient. Cases and scripts are selected and developed 
ahead of time and the standardized patient stays in 
character through the simulation. Some patients with 
actual disease processes such as pulmonary or cardiac 
volunteer can be members of a standardized patient 
pool available to some simulation programs. the added 
value of having simulation training with a live person 
able to interact authentically with participants is one 
way to substitute a high-value simulation experience 
without	 having	 a	 high-fidelity	 simulation	 lab.	 Often	
the value-added phase of standardized patient use 
occurs	 during	 debriefing	 when	 the	 actor	 provides	
detailed feedback about their perception of the event. 
obvious limitations with standardized patients exist 
such as inability to simulate trauma and resuscitation 
scenarios and that some receive reimbursement.

Summary

the future appears bright for the use of 
simulation in medical education. medical, nursing, and 
allied healthcare students trained through simulation 
have opportunities to practice hands on techniques, 
teamwork, and communication through trial and error 
in a safe environment before working with live patients. 
The	 cost	 of	 high-fidelity	 simulation	will	 continue	 to	
make its use prohibitive and challenging for some 
programs	 though	 the	 use	 of	 low-fidelity	 simulation,	
standardized patients, and role-playing continues 
to have measureable qualitative value. Cost center 
sharing is one way for programs on a tight budget who 
desire	high-fidelity	simulation	to	access	this	valuable	
skills-building, outcome-improving medical education 
adjunct tool.
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CASE REPORTS

UltrasoUnd gUided dorsal ramUs nerve 
block for  redUction of postoperative 

pain in patients Undergoing  lUmbar spine 
sUrgery: a case series imaging stUdy

Achir Al-AlAmi*, AshrAf Abou El Ezz** 
And fArid KAssAb***

Abstract

in patients undergoing spine surgery postoperative pain management can often be 
complicated with side effects associated with high dose narcotic such as respiratory depression 
and those associated with non-steroidal anti-inflammatory drugs such as interference with bone 
healing process. local anesthetics can help in both decreasing postoperative pain and minimizing 
side effects associated with systematically administered analgesics. this report describes the use 
of preoperative ultrasound guided dorsal ramus nerve block to reduce postoperative pain in six 
patients undergoing lumbar spine surgery under general anesthesia.

Introduction

patients undergoing spine surgery usually experience severe postoperative pain1-3. in the 
literature there are many reports describing different techniques of pain relief ranging from 
systemically administered analgesia to acute pain procedures such as neuraxial analgesia, 
paravertebral block and local anesthesia infiltration. Intrachecal morphine showed good results in 
postoperative analgesia for multilevel spine surgery. epidural opioids in form of either single shot 
extended-release morphine or catheter placement had better safety margin in terms of respiratory 
depression and urinary retention. Ultrasound- guided bilateral paravertebral catheters recently have 
been described for postoperative analgesia in patients undergoing lumbar and thoracic laminectomy. 
Finally intraoperative infiltrations of local anesthesia into the wound, onto the neural root sheath or 
at the facet joint have also been described4-10.
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Case Description

after obtaining irb approval we collected 
six patients undergoing spine surgery under general 
anesthesia to receive dorsal ramus nerveblock for 
postoperative analgesia (table 1). asa standard 
monitoring was applied and oxygen was supplemented 
using face mask at 5 l/min. moderate sedation with 
intravenous midazolam and propofol infusion was 
provided. all patients were lying prone with two 
pillows one under their pelvis and one under their 
head. the lumbar and lower thoracic areas of spine 
were prepped with iodine and 75 % alcohol. Us curved 
probe covered with sterile sheath oscillating at 3.3 or 
5 Hz and 6-7 cm depth was used. the levels were 
identified and labeled by marking pen by longitudinal 
scanning over transverse process (tp) of lumbo-
thoracic vertebra by counting from the sacrum upward. 

block method: longitudinal paramedian 
scanning of tp of thoraco-lumbar spine was obtained. 
bilateral Us guided block of corresponding drn using 
in-plane approach with hydrodissection technique was 
performed. two injections were done: for t11-l4 
drn, injections were made at the postero-superior 
edge of tp just lateral to the zygapophesal (Zp) joint 
of t and l tp. for l5 drn, injections were made at 
tp of l5 and at the sacroiliac (si) groove midway 
between l5 tp and sacral ala (sa) (fig. 1, 2, 3, 4).

Discussion

the sensation of back pain originating from 
different structures is divided into two types: segmental 
type is mediated by nociceptors and mechanoreceptors 
originating from vertebrae, intervertebral disk, dura, 
nerve root sleeves, facet joint capsules, muscles, 
ligaments, fascia and skin. non-segmental type 
of sensation is mediated through sympathetic and 
parasympathetic innervation reaching vertebral 
structures via rami communicants. both types of 
innervation come from drn travelling through spinal 
nerve roots to reach the spinal cord3,11,12.

drn block using various imaging modalities 
has been described in relieving chronic low back pain. 
fluoroscopy-guided drn block appears to be a useful 
and safe treatment option for chronic back pain. the 
target point would be at the junction of tp and sap 
of the sub-adjacent vertebra, midway between the 

superior border of the tp and the mamillo-accessory 
notch12,13. ct-guidance has been described in l5 drn 
block where the needle just rests between the sa 
and sap of the sacrum14. finally, Usg has also been 
described in l5 drn block using initially longitudinal 
scanning over the tp of l5 than rotating the probe to 
perform transverse scanning of the sa and sap of 
the sacrum junction to perform l5/s1 injection15. to 
our knowledge this is the first report describing USG-
guided t12-l5 drn block for postoperative pain 
relief in patients undergoing lumbar spine surgery.

in cadaver dissection, the l 1-4 drn project 
almost perpendicular to spinal nerves and run 
dorsocaudally through the intertransverse space 
where each divides into 3 branches: lateral and inter-
mediate and medial. the lateral branches innervate 
iliocostalis lumborum then pierce the dorsal layer of 
thoracolumbar fascia and become cutaneous. the 
intermediate branches run dorsally and caudally from 
the intertransverse spaces forming intersegmental 
communicating branches that innervate longissimus 
thoracis muscle. each medial branch passes dorsally 
and caudally through the intertransverse space towards 
the superior border of the root of the sub-adjacent tp. 
from there it continues dorsally and caudally, lying 
against the groove formed by the junction of the root 
of the tp with that of the sap16.

Having arisen from the spinal nerve it arches 
over the rostral and dorsal aspect of the sa, lying in 
the groove formed by the junction of the sa with the 
root of the sap of the sacrum. along this course it 
divides into two branches: medial and an intermediate. 
The intermediate branch innervates those fibers of 
longissimus thoracis which arose from the medial 
aspect of the dorsal segment of the iliac crest. the 
medial branch curves medially around the caudal 
aspect of the lumbosacral Zp joint, which it innervates 
ending in multifidus16.

in ultrasound anatomy, as the spinal nerves 
emerge from their respective intervertebral foramina 
they branch mainly into ventral and dorsal rami. the 
ventral rami continue anteriorly into the psoas muscle 
and terminate as thoraco-abdominal nerves. Whereas 
drn emerge posteriorly through the neural foramen 
and divide into medial and lateral branches at the 
junction of the Zp joints and the upper margin of the 
tp at which they divide to medial, intermediate and 
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Table 1

patient preoperative type of surgery block intraoperative postoperative

patient 1 56 yo f, asthma, 
low back pain 
10/10 radiating to 
right le

l5-s1 
discectomy, 
laminoplasty, 
foramenetomy 
for disc prolapse 
(duration 2 h)

Us, l4, l5 drn, 20-g 
120 mm (Quincke, 
madrid) spinal 
needle. 20 ml, in 5 
ml aliquots, of 0.5% 
bupivacaine with 8 mg 
dexamethasone (fig. 1).

fentanyl 100 µg, propofol 
150 mg, cisatracurium 16 
mg. maintenance with 
sevoflurane 1%, propofol 
at 1.5 mg/kg/h, with 
average bis 40, bp of 
100/60 and Hr 55. 

rr: pain score 3/10, 
1 g acetaminophen 
iv, 25 µg fentanyl 
iv. pod1: 2 g 
acetaminophen iv. 
pain score 0/10 at rest, 
5/10 at ambulation.

patient 2 59 yo f, Ht, obesity
back pain 8/10.

l1 lumbar 
kyphoplasty 
(duration 2 h)

Us and ns,t11,t12 
drn
22-g 100 mm (pajunk, 
germany) block needle.
 40 ml 0.5% 
bupivacaine with 8 
mg dexamethazone, 4 
injection sites, each 10 
ml. (fig. 2)

fentanyl 200 µg, propofol 
150 mg cisatracurium 16 
mg. Sevoflurane 1.5%, 
dexmedetomidine 0.3 
µg/kg/h acetaminophen 
1 g, lornoxicam 16 mg, 
ketamine 50 mg

rr: pain score 0/10,
 no analgesic. pod1:
pain score 0/10, 
tramadol 50 mg.

patient 3 39 yo, m
pulmonary 
tuberculosis back 
pain 6/10.

l4-l5 
discectomy, 
laminectomy 
foramenetomy 
(duration 2 h)

Us, 22-g 90 mm 
(Quincke, madrid) 
spinal needle. 30 ml 
0.5% bupivacaine with 
8 mg dexamethazone, 6 
injection sites at l4, l5, 
and s1, each 5 ml.

fentanyl 100 µg, propofol 
150 mg cisatracurium 
16 mg. Sevoflurane 
1.5%, propofol 2 mg/
kg/h acetaminophen 1 
g, lornoxicam 16 mg, 
ketamine 50 mg

rr: pain score 5/10 
lornoxicam 8 
mg,acetaminophen 1 
g, fentanyl 25 µg.
pod1: pain score 
0/10,
no analgesics.

patient 4 45 yo, m
osa, Ht, two 
previous back 
surgeries (l3-l4 
disc)
back pain 9/10, l5-
s1 radiculopathy 

l4-l5, l5-s1 
decompression, 
discectomy, 
laminectomy 
foramenetomy 
(duration 5 h)

Us, 22-g 90 mm 
(Quincke, madrid) 
spinal needle. 30 ml 
0.5% bupivacaine with 
8 mg dexamethazone, 6 
injection sites, tp l4, 
l5 and s1, each 5 ml. 
(fig. 3)

fentanyl 450 µg, propofol 
150 mg cisatracurium 16 
mg. Sevoflurane 1.5%, 
propofol 2 mg/kg/h, 
acetaminophen 1 g

rr: pain score 2/10, 
pethidine 25 mg 
pod1:pain score 0/10 
– 3/10 
pca fentanyl total 
of 105 µg and 1 g 
acetaminophen.

patient 5 69 yo, f, Ht back 
pain referring to le 
5/10

l2- l3 lumbar 
discectomy, 
anterolateral 
decompression, 
fusion 
instrumentation 
(duration 5 h)

Us and ns, l1,l2 
drn 22-g 100 mm 
(pajunk, germany) 
block needle. 40 ml 
0.5% bupivacaine with 
8 mg dexamethazone, 
4 injection sites, each 
10 ml. (fig. 4)

30 µg dexmedetomidine, 
propofol 150 mg 
cisatracurium 16 mg. 
Sevoflurane 1.5%, 
remifentanyl 0.1 µg/kg/
min, lornoxicam 16 mg, 
ketamine 50 mg 

rr: pain score 0/10; 
no analgesic was 
given. 
pod1: acetaminophen 
1 g 
pca fentanyl 160 µg, 
 pain score 0/10 - 
4/10.

patient 6 32 yo m heavy 
tobacco use 
presenting with 17 
months of low back 
pain radiating to 
left le, 8/10.

l5-s1 
discectomy, 
laminoplasty 
foramenetomy 
for disc prolapse 
and spinal canal 
stenosis (duration 
4 h)

Us and ns 22-g 100 
mm (pajunk, germany) 
block needle.
20 ml 0.5% 
bupivacaine with 8 
mg dexamethazone, 4 
injection sites, l4, 5, s1 
tp, each 5 ml.

fentanyl 100 µg, propofol 
150 mg, ketamine 20 
mg cisatracurium 16 
mg. Sevoflurane 1.5%, 
propofol 2 mg/kg/h.

rr: pain score 0/10 
acetaminophen 1 g
tramadol 100 mg, 
lornoxicam 16 mg 
pod1: no analgesic, 
pain score 0/10.

yo: year old, m: male, f: female, hypertension: Ht, tp: transverse process, lower extremity: le, Us: ultrasound, ns: nerve stimulation, 
osa: obstructive sleep apnea, rr: recovery room, pod1: postoperative day 1.



254 acHir al-alami et. al

lateral branches to innervate different structures of 
the back including the spine (fig .5)15-17. trident view 
of tp of lumbar spine was described in Usg-guided 
paravertebral block18. our approach is longitudinally 
scanning the spine starting from medial to lateral and 
just when the facet joint Usg image disappears and 
the trident view of tp starts to appear we stabilize the 
probe to perform the block (fig. 6). some of the blocks 
were performed with combined Usg and ns eliciting 
muscle twitch of the paraspinous muscles, and others 
were done with Usg-guidance. the block end point 
was either muscle twitch at 0.5-0.8 ma or needle tip 
placement at the postero-superior edge of the tp just 
adjacent to the sap of the corresponding vertebra. We 
added dexamethasone to la mixture to prolong block 
duration. also, we intended to give relatively large 
volume per injection 5-10 ml in order to achieve the 
three branches block of the drn at a time. it is worth 
nothing that there were no adverse events related to the 
block in any of the patients. average time consumed 
for the block ranged from 20-45 minutes.

this technique was performed in patients with 
usual body habitus undergoing simple spine procedures. 
in obese patients, patients undergoing complex spine 
surgery and those with previous laminectomy or spine 
prosthesis this block may be challenging or even 
impossible to perform. other disadvantages of this 
block include time consumption, needle-associated 
pain, prerequisite advanced ultrasound-guided 
regional anesthesia skills as well as inherent risks of 
the block including hematoma, infection, nerve injury 
and inadvertent intravenous la injection.

in conclusion, Usg guidance can be useful in 
blocking drn that is the primary innervation of the 
back. blocking this nerve prior to spine surgery offers 
preemptive analgesia to patients with many advantages. 
these can be stable intraoperative hemodynamics, 
minimal intraoperative narcotic use and have smooth 
emergence from ga with less side effects and better 
postoperative pain score. this block although has an 
established role in chronic back pain, its role in acute 
pain in patients undergoing spine surgery has not yet 
been investigated. We report six cases of drn block 
for postoperative pain relief in simple spine surgery, 
however, large prospective clinical trials are deemed 
necessary to judge its feasibility and its efficacy.

Fig. 1 
L4 DRN block 

TP4: transverse process L4, TP5: transverse process L5, 
SA: sacral ala, N: needle, LA: local anesthesia

Fig. 2 
T11, T12 DRN block 

TP12: transverse process T12, TPL1: transverse process L1, 
P: pleura, N: needle, LA: local anesthesia

Fig. 3 
L3,L4, L5 DRN block 

TPL4: transverse process L4, TPL5: transverse process L5, 
SA: sacral ala, N: needle, LA: local anesthesia
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Fig.5
DRN L3,4,5 anatomy

With permission from Lipincot William and Wilkins

UltrasoUnd gUided dorsal ramUs nerve block for postoperative pain in spine sUrgery

Fig. 4
L2 DRN block,

TPL1: transverse process L1, TPL2: transverse process L2,
TPL3: transverse process L3, D5W: Dextrose 5 % in water,

N: needle, LA: local anesthesia

Fig.6
Water skeletal scanning of lumbar spine

FJ: facet joint
TP: transverse process
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A ShAred OperAtive Field And the 
diSpute – iS there A WAy Out?

M-Irfan SuleMan*, anIta n. akbaralI*,  
M. SaIf SIddIquI* and WIllIaM f alfonSo*

Abstract

Submental intubation is an alternative to tracheostomy in patients requiring surgical access to 
both oral and nasal cavities. it is relatively safe, simple, and low morbidity procedure and requires 
only basic surgical equipment to perform. We successfully performed a submental intubation in a 
young patient with maxillofacial hypoplasia undergoing le Fort i maxillary advancement without 
any intra- and post-operative complications.

Keywords: Submental intubation, maxillofacial procedure, facial trauma, and airway.

Introduction

Maxillofacial procedures can create an exhaustive drill for an anesthesiologist to acquire a 
secure airway, which necessitates a substantial amount of cooperation between the surgeon and 
the anesthesiologist when the operative field is a constant threat to the airway. Alternative options 
like tracheostomy, retromolar, and submental intubation are techniques that can be utilized in such 
scenarios. Of these, submental intubation has shown to be simple, safe, and cost effective with 
no major post-operative complications1,2. due to the rapidity of access, submental intubation has 
also been utilized in establishing airway in patients with maxillofacial trauma3,4. here we describe 
our experience in a patient undergoing submental intubation for maxillary advancement who 
previously had multiple surgeries as a child to correct dysplasia.

Case description

A 22-year-old female patient with severe maxillary hypoplasia and frontonasal dysplasia 
(Mallampati score, Mpii) was scheduled for le Fort i maxillary advancement. After application 
of standard monitors and preoxygenation, slow inhalational induction was performed. initially, we 
used inhalation induction to keep the patient spontaneously breathing under anesthesia. Bilateral 
nares were prepared using oxymetazoline nasal spray in anticipation of nasal intubation. A trial of 
inserting a 14 French catheter through the bilateral nares was unsuccessful. Fiber optic visualization 
revealed distorted anatomy probably secondary to previous surgical procedures. Alternatively, 
after controlled intravenous induction, a direct laryngoscopy with a Macintosh laryngoscope 
size 3 blade was performed and a grade III view, as classified by Cormack and Lehane5, was 
observed. A 6.0mm reinforced endotracheal tube was inserted and secured temporarily. A small 
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incision was placed through the skin in the submental 
region by the surgeon (Fig 1). A curved hemostat was 
inserted through the skin incision to gain access to the 
floor of the mouth (Fig 2). Access was established on 
the lingual surface of the mandible in order to avoid 
injury to the lingual nerve and artery, and Wharton’s 
duct. the proximal endotracheal tube connector was 
removed and the tube was pulled through the skin 
incision using a hemostat. the proximal connector 
was then reattached to the endotracheal tube and it 
was sutured and secured. Once the airway was secure, 
general anesthesia maintained it by using a sevoflurane 
inhalation agent along with oxygen and an opioid 
for pain control with pressure control ventilation. 
Throughout the procedure, an adequate surgical field 
was available to the surgeon with no compromise 
on respiratory parameters. After completion of the 
procedure, the endotracheal tube was pulled back into 
the oral cavity and submental incision was sutured. 
the patient was extubated awake. no complications 
were noted in post-operative period.

Discussion

Maxillofacial anomalies and trauma has been a 
challenging scenario for anesthesiologists. establishing 
a secure airway and sharing the narrow field with 
surgeons was not without major complication until 
1986 when the submental route of intubation was 

introduced. It was first described by Hernandez6. 
it not only revolutionized the approach to surgical 
airway management but also showed prominent 
advantages over other surgical airway techniques like 
tracheostomy and retromolar intubation2,7,8. Although 
tracheostomy is an efficient and time-tested option, it 
has major post-operative complications like infections, 
prolonged hospital admission, and tracheostomy care 
expense9-11. By decreasing the number of emergent 
and controlled tracheostomies, considerable decrease 
in post-operative complications and management cost 
have been shown12. On the other hand, retromolar 
intubation might not be the option in many patients 
due to inadequate retromolar space.

Submental intubation is a simple and quick 
technique that can be incorporated with a majority 
of maxillofacial surgical procedures without a major 
increase in procedure time. the technique allows easy 
and unobstructed access to the maxillofacial anatomy 
and prevents the need for a tracheotomy for airway 
maintenance during surgery. if there is a contraindication 
to a nasal tube, this technique allows the work to 
proceed. Since its introduction, modifications have 
been described and several institutional reviews have 
been published demonstrating its safety and efficacy1,2,8. 
Submental intubation is a surgical airway management 
technique that has shown to be a better procedure than 
others, is largely accepted by surgeons and patients, 
and does not involve substantial morbidity1,8.

Fig. 2

Fig. 1
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LETTER TO THE EDITOR

Residual NeuRomusculaR Blockade (RNmB): 
RocuRoNium's defasciculatiNg dose, NeostigmiNe-

iNduced WeakNess, aNd aWaReNess duRiNg RecoveRy

Deepak Gupta*

Residual neuromuscular blockade (RNmB) is always a potential concern for anesthesiologists. 
However, there is no uniformity and/or universal protocol (because it constantly keeps evolving) 
in regards to neuromuscular blocking drugs (NmBds) administrations based on peri-operative 
neuromuscular monitoring as well as tracheal extubations guided by neuromuscular monitoring. 
moreover, neuromuscular monitors are either qualitative that is subjective visual assessment by 
providers for presence of twitches for train-of-four (tof) stimulations, or quantitative wherein 
numerical values for tof ratios are ascertained by either acceleromyographic (amg) monitoring 
or electromyographic (emg) monitoring. to avoid the tof ratios' overestimation by amg 
monitoring1 that can cause more false-positives in regards to preparedness for extubations and 
more false-negatives in regards to RNmB as gold standardized by emg monitoring, recent 
intra-departmental implementation of quantitative emg monitoring by todd et al.2 appears as 
commendable tool against RNmB. However, as many as 37% patients had been reported to not 
receive neostigmine despite receiving intraoperative rocuronium (most commonly used non-
depolarizing NmBds) presumably secondary to assumed spontaneous reversal. it is interesting 
to note that post-extubation tof ratios can give insight into assumed spontaneous reversal's 
etiologies and the patterns they follow such as time elapsed since rocuronium's last dose and 
rocuronium's total dose, or exclusive use of depolarizing NmBds (succinylcholine). moreover, 
in future research it remains to be seen if a pre-quantified duration since last dose of rocuronium 
matters in the currently followed definition for RNMB (TOF ratio<0.9 by EMG monitoring1) 
for the patients who receive only one-time defasciculating doses or one-time intubating doses of 
rocuronium without any additional dose supplementations. these future investigations will give 
insight into variable frequencies of spontaneous reversals (without neostigmine administration) 
and potential for suboptimal recovery-room tof ratios because (a) rocuronium's defasciculating 
doses (despite prevalent variable defasciculating doses3 and variable lag periods for succinylcholine 
administration after rocuronium affecting tof ratios) may or may not require neostigmine, and 
(b) intubation-induced parasympathetic surge-related acetylcholine release (although primarily 
implicated in intubation-induced bronchospasm4) may or may not hasten spontaneous reversal 
by decreasing rocuronium's intubating doses' duration of action5-6. moreover, as neostigmine-
administration can (a) itself depress tof ratio in upto 13% patients for variable time-periods after 
40mcg/kg neostigmine dose7 or (b) be avoided for the potential risk of post-reversal weakness 
in spontaneously reversed patients with TOF ratio >0.92 or (c) cause weakness in patients who 
had not received prior non-depolarizing NmBds8, an appropriate sequential-emg monitoring 
should include pre-reversal (neostigmine/spontaneous) tof ratio followed by pre-extubation tof 
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ratio followed by post-extubation tof ratio followed 
by recovery-room tof ratio. an enhanced form of 
intra-departmental implementation should also ensure 
standardized protocol for sedation among patients with 
clinically-underdiagnosed but emg-exposed RNmB 
because in-vivo muscle relaxants (although not 
specifically studied during residual paralysis stages)9 
may increase the risk for awareness under anesthesia10 
with subsequent long-term psychological sequelae11 
when patient is recovering from intraoperative 
neuromuscular blockade through intermediary 
transient postoperative RNmB. the standardization 
of sedation protocol for RNmB primarily needs to 
address indications and timeline when to initiate 
sedation in "paralyzed" patients recovering from 
general anesthetics (whether end-expiratory 
inhalational gas concentrations vs. tof ratios needs 
to be used as sedation-initiation triggers) and what 
medications needs to be administered for recovery-

room intravenous sedation (amnestics vs. anesthetics). 
finally, universal quantitative emg monitoring needs 
to account for how to manage emg-overdiagnosed 
"paralyzed" patients' awareness risks despite these 
patients (sometimes) undergoing otherwise uneventful 
post-anesthesia cardio-respiratory recoveries even 
when their recovery room tof ratios are well below 
0.92. in summary, skeptics can always question the 
universal use of emg-monitoring based reversals, 
extubations and recoveries of patients receiving peri-
operative non-depolarizing NmBds; however they can 
never deny the fact that in the face of risks for RNmB-
complicated recovery room cardio-respiratory events 
and still-non-quantified incidence of RNMB-related 
awareness of “paralysis” and its sequelae, emg-based 
tof ratios as quantitative neuromuscular monitoring 
can never be found guilty for being overused by 
anesthesiologists.
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