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EDITORIAL

WELCOME OUR NEW EDITOR-IN-CHIEF

The Editorial Board of the Middle East Journal of Anesthesiology is pleased to announce that 
Dr. Marie Aouad-Maroun is the new Editor-in-Chief of the Middle East Journal of Anesthesiology. 
This comes in line with the appointment of Dr. Aouad-Maroun as the new Chairman of 
Anesthesiology at the American University of Beirut-School of Medicine and Medical Center as 
of December 21st, 2016.

Dr. Aouad Maroun received her MD degree from the Saint Joseph University, Beirut-Lebanon 
in 1989. Following graduation she pursued her residency at AUBMC and Hôpital Hôtel-Dieu, 
Lyon-France. In 1996, she was appointed assistant professor of anesthesiology at the American 
University of Beirut School of Medicine then subsequently she was promoted to associate professor 
(2002) and professor (2012). Dr. Aouad-Maroun was involved in postgraduate medical education 
and was instrumental in securing the accreditation for the residency program at the department of 
Anesthesiology at the American University of Beirut Medical Center.

Dr. Aouad-Maroun has served on boards/committees of several professional organizations and 
societies. Furthermore, Dr. Aouad-Maroun has published around 85 original articles, in addition to 
abstracts, and book chapters throughout her academic career. She delivered numerous lectures at 
major national and international scientific meetings.

The Editorial Board extends a warm welcome to Dr. Marie Aouad-Maroun and looks forward 
for fruitful years and bright future of the journal under her leadership.
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SCIENTIFIC ARTICLES

PREVALENCE OF EPIDURAL LIPOMATOSIS: 
OUR ExPERIENCE AT A UNIVERSITY 

BASED PAIN CLINIC

ShuShOvAN ChAkRABORTTy1, dAvId h. RuSTOm2, 
dEEPAk guPTA1 ANd CONOR Zuk3**

ABSTRACT

Background: Substantial evidence is missing in medical literature in regards to prevalence of 
epidural lipomatosis.

Objectives: We planned to determine the radiological evidence for epidural lipomatosis by 
one-year retrospective review based on lumbar spine magnetic resonance imaging (MRI) at our 
University Based Pain Clinic.

Methods: New patients who had presented to our pain clinic with chief complaint of back pain 
during the year 2011 were included. Review of MRI images was performed to identify and grade 
epidural lipomatosis using known staging guidelines. Subsequently, the characteristics of each 
patient were tabulated (for comparisons and correlations) into the following two groups-Group EL: 
MRI Evidence of epidural lipomatosis; Group NEL: No MRI Evidence of epidural lipomatosis.

Results: Only 77 patients had lumbar spine MRI images available for review. Our reviewed 
patients were primarily middle aged, obese, female, African-Americans who had presented with 
intense (VAS 7-8/10) radiating back pains. Most of these patients were managed with opioid 
analgesics. 36% patients of our reviewed pain clinic patients had epidural lipomatosis among 
whom 50% patients had moderate-to-severe overgrowth of adipose tissue. Although statistically 
insignificant as compared to NEL patients, EL patients received fewer epidural steroid injections 
over time whereas overall pain procedures trended the same in both EL patients and NEL patients.

Conclusions: Epidural lipomatosis is much more common than we presume given the 
radiological evidence in our pain patient population.

Key words: Epidural lipomatosis; epidural steroid injection; lumbosacral epidural lipomatosis 
grade; overweight grade; lumbar spinal canal stenosis grade; failed interventional pain procedure; 
intractable pain patient; radiology report’s documentation of epidural lipomatosis; interventional 
pain physician’s awareness of epidural lipomatosis.
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 Corresponding Author: Dr. Shushovan Chakrabortty, Box No: 162, 3990 John R Detroit, MI 48201, United States, Ph: 

1-313-745-7233, Fax: 1-313-993-3889. E-mail: schakra@med.wayne.edu shuchakrausa@yahoo.com
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Introduction

Substantial evidence is missing in medical 
literature in regards to prevalence of epidural 
lipomatosis. Among the limited evidence-based 
documentation, one review reported that the risk 
factors for epidural lipomatosis (excessive adipose 
tissue deposition) include exogenous steroids’ usage, 
obesity and Cushing’s syndrome1. In the light of this 
avenue for further exploration, our team planned to 
determine the prevalence of epidural lipomatosis in 
our pain clinic.

The aim of the current study was to determine 
the prevalence of epidural lipomatosis in patients who 
presented to our University Based Pain Clinic during 
the year 2011 with a chief complaint of back pain.

Materials And Methods

After institutional review board approval, 
electronic medical records (EMR) were accessed for 
all new patients at our pain clinic during the year 
2011 (January 1, 2011 to December 31, 2011). The 
EMR charts were available via PrimeSUITE EMR 
software in our pain clinic and these EMR charts 
were also correlated with CIS EMR software of our 
University Affiliated Hospital Systems and Medical 
Centers. Among the new patients, the patients 
with chief complaint of back pain were primarily 
delineated to assess the prevalence of the spine 

related pain pathophysiologies in our pain clinic. We 
further delineated these back pain patients based on 
whether they have lumbar spine MRI images in our 
CIS software and available for review by our research 
team. Subsequently, these secondarily delineated 
patients’ EMR charts were reviewed for the following 
data: age, body mass index, sex, and ethnicity; pain 
scores at presentation (Visual Analog Scale VAS); 
and the medications used before the first presentation 
at our pain clinic. Presence of the following co-
morbidities were reviewed: obesity, history of 
bariatric surgery, endocrinopathies, and history 
of exposure to exogenous steroids. Subsequently 
patients’ charts were reviewed as to whether the 
patients had any interventional spine procedures with 
or without steroids since their first presentation to our 
pain clinic. Reviews of MRI images were performed 
to identify and grade epidural lipomatosis using the 
staging guidelines from Borre et al2 (Table 1; Fig. 1) 
wherein the diameter of spinal canal was the sum total 
of epidural fat segments anterior and posterior to dural 
sac plus the diameter of dural sac itself. Subsequently, 
the characteristics of each patient were tabulated (for 
comparisons and correlations) into the following two 
groups based on the reviewed evidence of epidural 
lipomatosis in MRI spines: Group EL: MRI Evidence 
of epidural lipomatosis; and, Group NEL: No MRI 
Evidence of epidural lipomatosis.

For statistical purposes, Chi square test and 
Fishers Exact test were used to compare the proportions. 
Analysis of variance (ANOVA) was used to compare the 

Table 1 
Magnetic Resonance Imaging (MRI) Staging of the Lumbosacral Epidural Lipomatosis (LEL) as originally published by: Borré 

DG, Borré GE, Aude F, Palmieri GN� Lumbosacral epidural lipomatosis: MRI grading� Eur Radiol� 2003 Jul;13(7):1709-21[2] and 
reproduced with permission from Springer Science + Business Media�

MRI grade DuS/EF index EF/Spi C index (%) Meaning

Normal 0 ≥1.5 ≤40 Normal amount of EF

LEL I 1.49-1 41-50 Mild overgrowth of EF

LEL II 0.99-0.34 51-74 Moderate overgrowth of EF

LEL III ≤0.33 ≥75 Severe overgrowth of EF

 [Spi C: Anterior-posterior diameter of the spinal canal; EF: Epidural fat (anterior segment + posterior segment); DuS: Anterior-posterior
diameter of the dural sac]
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Table 2 
Patient Demographics

Baseline characteristics at presentation Epidural Lipomatosis (EL) 
Patients (n=28)

Non-Epidural Lipomatosis (NEL) 
Patients (n=49)

P-value

Age (yrs) 50.5 ±12.7 48.5 ±10.1 0.45

Body Mass Index (BMI) (kg/m2) 32.5 ±7.2 31.1 ±6.9 0.4

Obesity Incidence
(BMI ≥30 kg/m2)

20/28 (71%) 26/48 (54%) 0.15

Gender Females=20
Males=8

Females=33
Males=16

0.8

Race/Ethnicity Distribution African-American=26
Caucasian-White=2

African-American=41
Caucasian-White=8

0.31

Visual Analogue Scale Pain Scores 7.1 ±1.9 7.7 ±1.7 0.22

History of Epidural/Exogenous Steroid at 
Prior Clinic

2/28 (7%) 5/49 (10%) 0.71

Opioid Naive At Presentation 7/28 (25%) 9/49 (18%) 0.56

Dose of Oral Opioids At Presentation As 
Chronic Morphine Equivalents (in mg)

31.2 ±25.8 
(n=21)

32.7 ±23.9 
(n=40)

0.83

Fig� 1 
Staging of Epidural Lipomatosis

means and Pearson/Spearman correlation coefficients 
were calculated for comparative correlating grades. 
P value of <0.05 was considered significant.

Results

Among new patients (n=221) who presented to our 
clinic with chief complaint of back pain during the year 

2011, only 77 patients had lumbar spine MRI images 
available for review. The tabulated demographics of 
EL patients and NEL patients were not significantly 
different (Table 2). Our patients were primarily middle 
aged, obese, female, African-Americans who had 
presented with intense (VAS 7-8/10) radiating back 
pains. Most of the patients had been managed with 
opioid analgesics tabulated as chronic oral morphine 
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Fig� 2 
Staging of Lumbar Central Canal Stenosis

equivalents that were calculated with opioid analgesic 
converter3 for all opioid medications except methadone 
and fentanyl patch for whom advanced opioid 
converter was used4. There was no evidence of history 
of bariatric surgery or endocrinopathies. Table 3 shows 
that according to MRI staging, 36% patients of our 
reviewed pain clinic patients had epidural lipomatosis 
with 50% of them had moderate-to-severe overgrowth 
of adipose tissue. As shown in Tables 3-5, epidural 
lipomatosis correlated significantly with lumbar spinal 
canal stenosis that was reportedly graded based on 
the severity of cerebrospinal fluid space obliteration 
anteriorly and clumping of cauda equina on T2-
weighted images5 (Fig. 2). However, the overweight 
grades6 did not correlate with the prevalence or severity 
of epidural lipomatosis (Tables 4-5).

Although statistically insignificant, Figure 3 
shows that as compared to NEL patients, EL patients 
received fewer epidural steroid injections over time (as 
reflected by the linear trendline for EL patients crossing 
linear trendline for NEL patients in Figure 3a) whereas 
overall pain procedures trended the same in both EL 
patients and NEL patients (as reflected by the linear 
trendlines of EL patients and NEL patients overlapping 
along the whole length in Figure 3c). This clinically 
relevant finding further implies that despite clinical 
radiological reports NOT documenting epidural 
lipomatosis in our EL patients, epidural steroids may 
have lost effectiveness among our EL patients and 
it can safely be assumed that the underlying adipose 
tissue overgrowth as a potential confounding factor 
among failed epidural steroid injections got unraveled 
by our retrospective review based post-hoc radiological 
EL staging in lumbar spine MRIs of our patients.

Discussion

Epidural lipomatosis is a benign (non-cancerous) 
deposition7 of adipose tissue in excess to the 
physiological amounts of epidural fat surrounding the 
dura mater. This is most commonly found within the 
thoracolumbosacral epidural space. It is often known 
to exist in obese patients, patients on exogenous 
steroids and patients suffering from endocrinopathies8. 
Normally, epidural fat acts as soft padding around the 
dural sac and nerve roots and protects the spinal cord 
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Table 3 
Magnetic Resonance Imaging (MRI) Characteristics of Reviewed Patients based on Borre et al[2]

Magnetic resonance imaging (MRI) 
characteristics

Epidural Lipomatosis 
Patients (EL) (n=28)

Non-Epidural Lipomatosis 
Patients (NEL) (n=49)

P-value

Segment of Epidural Fat Anterior To Dural 
Sac (in mm) [A]

4.9 ± 2.5 1.8 ± 1.2 <0.001

Segment of Epidural Fat Posterior To 
Dural Sac (in mm) [B]

4.2 ± 2.8 2.1 ± 1.6 <0.001

Dural Sac Diameter (in mm) [DuS] 7.5 ± 2.6 11.3 ± 2.8 <0.001

Total Epidural Fat (in mm)
[EF=A+B]

9.1 ± 2.6 3.9 ± 1.9 <0.001

Spinal Canal Diameter (in mm)
[SpiC=A+B+DuS]

16.6 ± 3.3 15.2 ± 3.2 0.06

DuS/EF Index
[=DuS/(A+B)]

0.9 ± 0.4 3.6 ± 2.9 <0.001

EF/SpiC Index (in %)
[=EF*100/(EF+DuS)]

55 ± 12.8 25.6 ± 9.9 <0.001

Lumbar Epidural Lipomatosis Grades

Grade 0 0% 100% NA

Grade 1 50% 0%

Grade 2 39% 0%

Grade 3 11% 0%

Lumbar Spinal Stenosis Grades

Grade 0 43% 84% <0.001

Grade 1 29% 14%

Grade 2 14% 2%

Grade 3 14% 0%

Patients Who Did NOT receive Any Pain 
Injection At Our Clinic

9/28 (32%) 15/49 (31%) >0.99

Table 4 
Correlation of Grades

Independent Variable Dependent Variable Number of 
Reviewed Patients 

(n)

Correlation 
Coefficient (r)

P-value

Lumbar Epidural 
Lipomatosis Grades

Lumbar Spinal Stenosis Grades 77 0.58 <0.001

Body Mass Index Lumbar Epidural Lipomatosis Grades 76 0.16 0.18

Overweight Grades Lumbar Epidural Lipomatosis Grades 76 0.19 0.1
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Fig� 3 (a-d) 
(a) Bar Diagram of All Pain Procedures reflecting Percentage of Our Pain Patients That Have Particular Number of Procedure (1, 2, 3,... 

n) Per Patient (b) Time Trends of All Pain Procedure Incidence As Line Diagram reflecting Percentage of Our Pain Patients That Have 
Particular Number of Procedure (1, 2, 3,... n) Per Patient (c) Bar Diagram of Epidural Steroid Injections reflecting Percentage of Our Pain 
Patients That Have Particular Numbered Injections (1st, 2nd, 3rd,��� nth) Per Patient (d) Time Trends of Epidural Steroid Injection Incidence 

As Line Diagram reflecting Percentage of Our Pain Patients That Have Particular Numbered Injections (1st, 2nd, 3rd,��� nth) Per Patient

Table 5 
Chi-Test Comparison of Lumbar Epidural Lipomatosis Grading With Lumbar Spinal Stenosis Grading based on Lee et al[5] 

(see Fig� 2) and Overweight Grading based on WHO Report[6]

Lumbar Spinal Stenosis Grades

Lumbar
Epidural Lipomatosis
Grades

Grade 0
n (%)

Grade 1
n (%)

Grade 2
n (%)

Grade 3
n (%)

P-value

Grade 0 41(53%) 7(9%) 1(1%) 0(0%) <0.001
Grade 1 8(10%) 4(5%) 2(3%) 0(0%)
Grade 2 3(4%) 4(5%) 2(3%) 2(3%)
Grade 3 1(1%) 0(0%) 0(0%) 2(3%)

Overweight
Grades

Lumbar
Epidural Lipomatosis
Grades

Grade 0
n(%)

(BMI <25)

Grade 1
n(%)

(BMI ≥25 and 
<30)

Grade 2
n(%)

(BMI ≥30 and 
<40)

Grade 3
n(%)

(BMI ≥40)

P-value

Grade 0 11(14%) 11(14%) 21(28%) 5(7%) 0.83
Grade 1 3(4%) 2(3%) 8(11%) 1(1%)
Grade 2 2(3%) 1(1%) 6(8%) 2(3%)
Grade 3 0(0%) 0(0%) 2(3%) 1(1%)

CSF: cerebrospinal fluid
BMI: body mass index in kg/m2
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movements within the thecal sac during the changing 
postures9. However, excessive adipose deposition 
impinges the dural sac and subsequently restricts the 
anatomical movements of neuraxial contents within 
the thecal sac. This can eventually manifest with 
various pain characteristics that worsen with activity 
especially on the stairs10 and develop neurological 
symptoms such as numbness, weakness or paresthesias. 
In advanced stages of progression, muscle atrophy and 
cauda equina syndrome can ensue11. It is NOT clear 
whether neuraxial compression or nerve impingement 
secondary to spinal stenosis by disc, bone or cartilage 
related pathology is histologically different from 
“softer” or “functional” stenosis due to epidural 
lipomatosis; medical literature search did not reveal 
any relevant data. However, this disease is often 
asymptomatic and may be presumed to be relatively 
uncommon because of three reasons: (1) the spine 
related symptoms can easily be attributed to other 
commonly known space-restrictive spinal pathologies, 
(2) the absence of agreement among radiologists “what, 
when and how much” to document regarding epidural 
lipomatosis per an accepted staging criteria in all the 
thoracolumbosacral spine MRIs, and (3) the lack of 
initiative among the pain interventionists to recognize 
the existence of this disease and to appropriately 
modify their management. This modified management 
includes timely enrollment of epidural lipomatosis 
patients into the weight loss programs and due 
considerations for bariatric surgery and neurosurgical 
consults1,12,13. This all becomes important in light of 
non-responsiveness to regular pain interventions and 
often the potential for adding injury to insult (or insult 
to injury) by introducing epidural steroids into these 
diseased epidural spaces that can potentially worsen 
epidural lipomatosis14.

It is safe to presume that patients with back pain 
are quite likely to undergo MRI for evaluation of 
spine, especially if spine interventions are planned. 
Therefore, radiologists should consider staging and 
reporting epidural lipomatosis on a regular basis. 
Secondly, if epidural lipomatosis had not been staged 
previously, the radiological reevaluation should be 
considered if interventional pain procedures have 
been ineffective in difficult pain patients. In our study, 
prevalence of epidural lipomatosis was high (36%; 
n=77) as compared to Borre et al2 (21%; n=2528) 

and Pinkhardt et al15 (17%; n=100). Among our 
patients, higher prevalence of epidural lipomatosis 
may be attributable (though statistically insignificant) 
to higher prevalence of obesity (71%; 54 out of 76) 
when compared to Borre et al2 (36%; 917 out of 2528) 
with body mass index >27.5 kg/m2 being taken as 
threshold for obesity. Moreover, prevalence of epidural 
lipomatosis among the obese patients vs. non-obese 
patients per Borre et al2 (35% vs. 13%) was different 
from our observations (41% vs. 27%). Additionally, as 
compared to Borre et al2 who had observed epidural 
lipomatosis primarily in the male patients (2.7 male/
female ratio; n=525), we observed epidural lipomatosis 
primarily in the female patients (0.4 male/female ratio; 
n=28). However, Pinkhardt et al15 questioned whether 
high incidence of MRI-staged epidural lipomatosis 
means correspondingly high incidence of pain and 
neurological symptoms. This determination may be 
critical because among the patients with clinically-
symptomatic and radiologically-evident epidural 
lipomatosis, epidural fat reduction strategies (weight 
loss programs, bariatric surgery and neurosurgical 
intervention) may supersede interventional pain 
procedures.

Conclusion

In summary, epidural lipomatosis is much more 
common than previously presumed. Routine evaluation 
and documentation of epidural lipomatosis with its 
grading might be helpful to stratify chronic back 
pain management. Additionally, awareness among 
interventional pain specialists about this disease’s 
high prevalence is necessary, so that modification 
in interventional pain management could be timely 
explored for the sake of intractable pain patients, 
whose interventional pain procedures may have failed 
secondary to underlying epidural lipomatosis.
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PERIOPERATIVE PAIN CONTROL WITH CONTINUOUS 
INTERSCALENE CATHETERS: A COMPARISON OF INTRA-
PLExUS VERSUS PERI-PLExUS CATHETER PLACEMENT

SANdEEP kRIShNAN1,2, AdAm mILAm3, hANISh SINgh1,2, 
FARhAd ghOddOuSSI1 

jOFFER hAkI1,2 ANd TERRy A. ELLIS II1,2*

Abstract

Introduction: Current perioperative pain management techniques for shoulder replacement 
surgery often include brachial plexus blockade via the interscalene approach. While single 
injection interscalene blocks are often used, anesthesiologists are increasingly utilizing continuous 
interscalene catheters due to their safety and improved pain control. The primary objective of this 
investigation was to compare the efficacy of two different methods of continuous interscalene 
catheter placement: a lateral peri-plexus approach and an intra-plexus approach.

Methods: This retrospective investigation examined the records of 109 adult patients 
undergoing total shoulder arthroplasty under general anesthesia after receiving interscalene 
catheters from January 2015 to April 2016. We examined total patient bolus demand utilization 
from patient-controlled anesthetic pumps attached to the interscalene catheter for all patients 
included in the study. We compared the patient demand utilization totals between two discrete 
methods of catheter placement.

Results: There was no statistically significant difference between the mean value of the 
number of bolus requests for the two approaches of placing the interscalene catheter, lateral peri-
plexus (outside; n=51; 24.16 ± 2.83) and intra-plexus (inside; n=52; 19.29 ± 2.47).

Conclusion: There were no significant differences, in efficacy, based on the number of patient 
demands, between the lateral peri-plexus (outside the brachial plexus sheath) approach, and the 
intra-plexus (inside the brachial plexus sheath) approach to interscalene catheter placement.

Keywords: Interscalene catheters; pain management; shoulder replacement surgery

Introduction

According to the Agency for Healthcare Research and Quality, approximately 53,000 
Americans currently undergo shoulder replacement surgery annually. Day et al. concluded that 
the growth in demand for upper extremity arthroplasty was comparable to or even higher than the 
growth in demand for hip and knee arthroplasty1. Current perioperative pain management techniques 
for shoulder replacement surgery often involve regional anesthetics, including interscalene blocks. 
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For more than 20 years, interscalene brachial plexus 
blocks have been shown to be an effective analgesic 
approach with low complication rates for elective 
shoulder surgery2. Single injection interscalene blocks, 
while effective, are intrinsically limited by the duration 
of action of the local anesthetic used. In recent years, 
anesthesiologists have initiated the placement of 
continuous interscalene catheters for shoulder surgery, 
with the goal of improving the duration of analgesia 
for this patient population2,3. Mariano et al. concluded 
that compared to a single injection interscalene block, 
a two-day continuous posterior interscalene catheter 
provides better pain relief, minimizes supplemental 
opioid requirements, greatly improves sleep quality, 
and increases patient satisfaction after shoulder 
surgery4.

Fredrickson et al. conducted a large prospective 
study and found that interscalene catheter placement 
combined with a patient controlled analgesic pump 
was both efficacious for post-operative analgesia and 
associated with a low complication rate; the minor 
complications included dyspnea, hoarseness, and 
numbness or tingling in the neck, arm, or hand5. At our 
facility, continuous interscalene catheters are placed, 
for the majority of shoulder replacement surgeries, 
using an in-plane ultrasound guided technique. These 
patients are discharged from the hospital with a 
patient-controlled pump which can be used until the 
local anesthetic in the pump is exhausted.

In 2011, Spence et al. performed a trial comparing 
two different locations for injecting the local anesthetic 
during single-shot interscalene brachial plexus blocks. 
The first location was described as an intra-plexus 
injection and the second location was a lateral peri-
plexus approach, where the needle was advanced 
through the middle scalene muscle towards the brachial 
plexus without entering the sheath. The investigators 
reported similar onset times for the blocks, and also 
noted that the intra-plexus injections had a slightly 
longer duration than the peri-plexus injections6.

To date, there have been no studies comparing 
the efficacy of peri-plexus versus intra-plexus 
continuous catheter placement following shoulder 
replacement. The primary objective of this study was 
compare the efficacy of two methods of continuous 
interscalene catheter placement. We evaluated efficacy 

by comparing the total number of bolus demands 
requested by the patients on their patient-controlled 
pumps. We compared two different methods of 
continuous interscalene catheter placement: a lateral 
peri-plexus (outside the brachial plexus sheath) catheter 
location, and an intra-plexus (inside the brachial 
plexus sheath) catheter location. Our hypothesis is that 
the two different locations of continuous interscalene 
catheter placement will not demonstrate a statistically 
significant difference in efficacy, as evidenced by total 
patient demand requests from the interscalene catheter 
pain pumps.

Methods

Approval for the study was obtained from the 
Institutional Review Board at St. Joseph Mercy 
Oakland Hospital. 109 adults (>18 years old) were 
indentified who had undergone total shoulder 
arthroplasty during the period between 1/7/2015 
and 4/14/2016. The patient charts were reviewed to 
confirm that they had received an interscalene brachial 
plexus catheter as part of their anesthetic plan, and to 
determine the Department of Anesthesiology faculty 
member who had placed the catheter. The data for 103 
patients was kept for statistical analysis.

All Department of Anesthesiology faculty at our 
facility utilize an in-plane ultrasound guided technique; 
however, faculty members perform their continuous 
interscalene catheters using varying techniques, all of 
which are described in the literature7. Some faculty 
members utilize a lateral peri-plexus approach, where 
the catheter is advanced through the middle scalene 
muscle and left outside of the brachial plexus sheath. 
The other group of faculty members employs a intra-
plexus approach, advancing the catheter through 
the middle scalene muscle and placing it inside the 
brachial plexus sheath. Proponents of the lateral peri-
plexus approach state that their method is used to avoid 
phrenic nerve involvement, decrease the chance of 
pneumothorax, and decrease the likelihood of potential 
nerve injury. Proponents of the intra-plexus approach 
articulate that their method is used to improve patient 
analgesia and improve onset time. Each attending’s 
approach to placing interscalene catheter was identified 
and stratified into one of two categories: lateral peri-
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plexus(n=51) or intra-plexus(n=52).

All interscalene catheters were placed in the Pre-
Operative Area by an Anesthesiology faculty member. 
Patients were given a combination of midazolam (0-
2mg) and fentanyl (0-100mcg) in order to facilitate 
placement of the catheter. After sterile preparation 
and draping of the patient, 1% Lidocaine (1-5cc) was 
used to anesthetize the area with a 25-gauge needle. 
An ultrasound was used to find the location in which at 
least two of the trunks of the brachial plexus were seen 
between the anterior and middle scalene muscles. Then, 
using an in-plane technique, the interscalene catheter 
placement was performed using a Pajunk 18-gauge, 
51mm catheter. The catheter was left either lateral 

peri-plexus or intra-plexus, depending on the faculty 
member placing the catheter. Upon catheter placement, 
a standard analgesic solution consisting of 30ml of 
0.25% bupivacaine, 300mcg of buprenorphine, and 
4mg of dexamethasone was injected prior to surgery.

After placement of the interscalene catheter, 
all patients received general anesthesia with an 
endotracheal tube (ETT) or laryngeal mask airway 
(LMA), as indicated. All patients were placed in the 
beach chair position, and anesthesia was maintained 
with a combination of volatile anesthetic (Desflurance, 
Sevoflurane, Isoflurane) and opioid (Fentanyl).

Total patient demand utilization data from the 
analgesic pumps was extracted using automated pump 

Fig� 1 
Consolidated Standards of Reporting Trials (CONSORT) diagram
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Fig� 2
Boxplots of the total number of bolus requests in the lateral peri-plexus vs� the intra-plexus interscalene catheters

Table 1 
Patient Characteristics Data is presented as mean ± standard deviation

Demographic Variables
Peri-Plexus 

(n=51)
Intra-Plexus 

(n=52)
P Value

Gender 0.9203

Male; n (%) 26 (51) 26 (50)

Female; n (%) 25 (49) 26 (50)

Age (years) 69.04 ± 8.68 70.87 ± 11.22 0.3539

Weight (kg) 81.73 ± 17.47 85.47 ± 22.59 0.3616

Table 2 
Total number of bolus requests 

for the two approaches of continuous inter-scalene catheter placement
Peri-Plexus

(n=51)
Intra-plexus

(n=52)
p-value

Total number of bolus requests 24.2 ± 2.8 19.3 ± 2.5 0.193
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recording software by OR Dynamics (7965 Grand St. 
Dexter, MI 48118, USA), who provided the pain pumps 
for the patients. Each pain pump was pre-filled with 
600ml of 0.125% Bupivacaine. All pumps were set at 
a 5ml/hr basal infusion rate, with a patient-controlled 
option for a demand bolus of 5ml of solution every 
30 minutes until the pump ran out of local anesthetic 
solution. Total demand utilization data was analyzed 
for all patients and compared between the two different 
catheter placement methods.

Statistics

Statistical differences between the two groups 
was determined using a 1-way analysis of variance 
(ANOVA) for the total number of bolus requests.. A 
p-value less than 0.05 was considered to be statistically 
significant. Data is reported as (mean ± sem). All the 
data was analyzed using IBM SPSS version 19 (IBM 
Corporation, Armonk, NY, USA).

Results

 Figure 1 displays the Consolidated Standards
 of Reporting Trials (CONSORT) diagram. The study
 excluded data (bolus requests) for 6 patients from
 analysis due to chronic opioid use pre-operatively and
 excessive use of opioid analgesics post-operatively.
Two of the excluded patients were from the lateral peri-
 plexus group, and four of the excluded patients were
 from the intra-plexus group. There was no significant
 difference between the two groups with respect to

gender, age and weight (Table 1).

There was no significant differenece in the 
number of bolus requests two approaches (Table 2). 
Figure 2 displays the boxplot diagram of the total 
bolus requests for each of the two approaches. No 
statistically significant difference was noted in the total 
number of bolus requests between the two approaches 
of interscalene catheter placement.

Discussion

While single injection interscalene brachial 
plexus blocks have been shown effective in controlling 

pain following shoulder surgery, they are inherently 
limited by the duration of action of the local anesthetic. 
Continuous interscalene brachial plexus blocks have 
been available for over a decade, and they are becoming 
a significantly more common method to control pain 
following shoulder surgery. The current study showed 
no statistically significant difference in the number of 
requested bolus administrations based on the differing 
placement locations of the interscalene catheters.

Our findings are consistent with studies 
examining differences in efficacy of single-injection 
brachial plexus nerve blocks. In 2016, Palhais et al 
reported that extra-fascial (peri-plexus) injections 
for interscalene blocks reduced the incidence of 
hemidiaphragmatic paresis and provided similar 
analgesia, when compared to conventional injection 
(intra-plexus)8. Also in 2016, Maga et al reported that 
they did not find any advantages to performing an 
interscalene block inside the brachial plexus sheath 
except for faster onset. In fact, they reported a higher 
incidence of transient paresthesia when injections were 
intra-plexus compared to peri-plexus9.

This study has several limitations that merit 
discussion. First, the study relies on bolus demands as 
a measure of pain control. While the number of bolus 
demands provides some information regarding pain 
status, there are confounding factors (e.g. concurrent 
opioid use, exact procedure performed) that may be 
associated with the number of bolus demands. Future 
prospective studies should consider using additional 
measurements of pain control including a numerically 
rated pain score. Second, this investigation included a 
relatively small sample size which limits the inclusion 
of potential confounders (e.g. age, gender, concurrent 
opioid use). Generalizability is also a concern given 
the sample size and the fact that the patients were 
from a single institution. Despite these limitations, this 
investigation filled a gap in the literature by examining 
differences in efficacy of continuous interscalene 
brachial plexus blocks based on peri-plexus versus 
intra-plexus placement of the catheter.

This study is timely given the growing problem 
of opioid addiction and opioid overdoses. Previous 
studies have shown that the use of nerve blocks is 
associated with less opioid use following surgery7. 
While the use of opioids in the immediate post-
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operative period is unlikely to lead to chronic use of 
opioids in the vast majority of patients, physicians are 
examining alternative ways to improve post-operative 
control of pain and reduce the untoward side effects of 
opioid therapy10-13.

Continuous interscalene brachial plexus catheters 

are a proven and useful tool for post-operative 
analgesia in total shoulder arthroplasty. Future 
investigations should examine whether differences 
in catheter placement are associated with increased 
patient satisfaction, decreased use of opioids, and 
improved rehabilitation.
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APPLYING SYNERA PATCH OR VAPOCOOLANT 
SPRAY TO CHILDREN PRIOR TO VENOUS ACCESS 

REDUCES PROPOFOL INJECTION PAIN

SAmIA N. khALIL1, hAPPy ESkANdER1, mOhhAmmEd ALI1, EmAd SORIAL1, 
jAEL CARBAjAL1, SudhA BALAN1, SRIkANTh SRIdhAR1, 

LEANNE FOSTER1 ANd ALICE Z. ChuANg2**

Abstract

Background: Administering propofol intravenously is frequently associated with severe pain. 
Synera patch (SP) is a topical patch that contains a mixture of lidocaine and tetracaine and delivers 
local anesthetics into the underlying tissues. Vapocoolant spray (VS) provides local anesthetics and 
has a cooling and counterirritant effects. We noted that children receiving either SP or VS before 
intravenous access experience less pain on propofol injection. The objective of this study was to 
compare the number of children who experience no or mild pain upon propofol injection when a 
SP or VS was placed before intravenous access.

Methods: In all, 74 children, ages 8-17, were randomized into 2 groups. Group 1 received 
SP and group 2 received VS prior to insertion of a 22g IV catheter on the dorsum of a hand. A 
blinded, independent observer rated pain upon propofol injection, according to a pain scale. The 
primary endpoint of the study was the number of children in each group who had no or mild pain 
on propofol injection. The second endpoint was comparing pain scores of the 2 groups.

Results: In all, 58% of children in group 1 and 42% in group 2 developed no or mild pain 
upon propofol injection. The difference between the groups was not significant.

Conclusion: The use of either SP or VP prior to intravenous access reduced propofol injection 
pain. The local anesthetics in the SP or PV penetrate in the underlying tissues and provide analgesia 
and are systematically absorbed and decrease propofol pain.

Introduction

Propofol, a hypnotic/amnestic drug, is commonly used to induce general anesthesia in 
children, due to its rapid onset, short duration of action, easy titration, and having a remarkable 
safety profile1. However, its administration is associated with local pain, which can be quite 
distressing, especially in children. The incidence of propofol injection pain has been reported to be 
as high as 70%2.

In our clinical practice, we noted in children that propofol injection pain decreases if a Synera 
patch (SP) (ZARS Pharma, Salt Lake City, UT, USA) was placed for 30 minutes on the skin or the 
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skin was sprayed with Vapocoolant spray (VS) (Pain 
Ease, Gebauer Co., Cleveland, Ohio, USA), Gebauer’s 
ethyl chloride topical anesthetic skin refrigerant 
prior to placement of an intravenous catheter. We 
hypothesized that the local anesthetics in the SP and 
VS penetrate deep in the tissues and anesthetize the 
underlying veins and nerves, and some of the local 
anesthetics may be absorbed into the circulation, which 
decrease pain associated with propofol injection3. The 
VS also provides topical analgesia by its cooling and 
counterirritant effects.

The primary outcome of the study was to 
evaluate the number of children who experienced no 
or mild pain upon propofol injection, after applying 
SP for 30 minutes prior to placing an IV catheter 
(group 1) compared with the number of children who 
experienced no or mild pain upon propofol injection 
in whom VP was used before placing an intravenous 
catheter (group 2). The secondary outcome was to 
compare pain scores between the 2 groups.

Methods

Institutional Review Board approval and written, 
informed parental consent and child assent of 74 
children were obtained prior to enrollment. None 
of the authurs have any conflicts of interest. The 
study was registered at http://clinicaltrials.gov. The 
registration number was NCT01576770. The study 
was prospective, randomized and single blinded. 
Healthy outpatient children, age 8-17 years, ASA 
physical status 1 or 2, scheduled to receive general 
anesthesia for an elective outpatient procedure were 
enrolled. Children of any race and both genders were 
included.

Children with skin disease, infections, or have 
allergy to lidocaine or tetracaine were excluded. 
Children were randomized into 2 groups using 
a computer-generated, randomization list and 
premedicated with P.O. midazolam, 0.5 mg/kg with a 
maximum dose of 20 mg.

In the holding area, in group 1, after at least 30 
minutes from the application of the SP on the dorsum 
of a hand, the patch was removed and a 22 g IV catheter 
was placed by an anesthesiologist. The presence of 
any skin side effects, such as erythema, edema or 

hives were noted. A 22 g IV catheter was placed on the 
dorsum of a hand of children in group 2, after spraying 
the dorsum of their hand by VS. In both groups, the 
dorsum of the hand and the 22 g IV catheter were 
draped and secured with Coban (a self-adherent elastic 
wrap) to cover any skin irritation due to the patch 
that may unblind the group. An independent observer 
and the patient independently evaluated pain on IV 
catheter placement using a pain scale ranging from 0 
to 10, where 0 indicates no pain and 10 indicates the 
worst possible pain..

In the operating room (OR), after applying 
routine monitors, verifing that the IV line was running 
freely, an induction dose of propofol, 3mg/kg was 
injected intravenously over 30 seconds. All children 
received propofol (Deprivan) 1% injectable emulsion, 
USP, which was provided by the hospital pharmacy. 
An independent, blinded observer rated pain upon 
propofol injection according to a pain scale: 1=no 
pain; 2=mild (associated with facial expression of 
pain); 3=moderate (pulling the arm); or 4=severe 
(screaming). The primary outcome variable was the 
number of children in each group who felt no pain or 
had mild pain upon propofol injection. The secondary 
outcome variable was the pain scores on propofol 
injection. The pain scale ranged from 0 to 10, where 
0 indicates no pain and 10 indicates the worst possible 
pain.

Power Analysis

In our clinical experience, when applying SP 
before placing vascular access, approximately 70% 
of children either felt no pain or have mild pain upon 
propofol intravenous injection vs. 30% of children 
who received VS.

Statistical Analysis

At a 5% significance level and 80% power, a 
sample size of 33 per group allows us to detect a 35% 
difference in children who felt no pain or had mild 
pain upon propofol intravenous injection. Descriptive 
statistics (mean ± SD) for continuous variables and 
frequency (percent) for discrete variables were used. 
For the primary outcome, Fisher’s exact test was used 
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to compare the success/failure of therapy between the 
2 groups. In addition, logistic regression analysis was 
used to identify potential risk factors associated with 
the primary outcome variable. Similarly, Fisher’s exact 
test was used to compare the pain score between the 2 
groups and the cumulative logistic regression model 
was used to identify potential risk factors associated 
with pain score. All analyses were performed using 
SAS 9.6 (Cary, North Carolina, USA), and a p-value 
of less than 0.05 was considered statiscally significant.

Results

Written informed consent and ascent were 
obtained from children and families of 74 children. 
Eight patients were execluded from the study. One 
patient’s surgery was cancelled and a second child 
developed severe dysphoria after premedication with 
midazolam, 0.5 mg P.O. The anesthesiologist was 
unable to place an intravenous catheter for 4 children; 
3 of whom were in the VS group and 1 in the SP group. 
Another patient was dropped from the study because 
the automatic blood pressure cuff began to inflate 
while propofol was being injected, creating severe 
pain. The last patient was excluded from the analysis 

because the anesthesia resident on the case mistakenly 
premixed the propofol with lidocaine. Thus, the data 
of 66 children who completed the study were analyzed 
(Fig. 1).

The demographic data were similar in both groups 
(Table 1). Both SP and VS provided adequate dermal 
analgesia for placing the intravenous catheter (Table 
2). Pain scores for placing the IV were similar as rated 
by the independent observer and patient (p=0.49). 
The duration from placing the IV until the injection 
of propofol was not different between the 2 groups 
(p=0.32). In the OR, there was no difference between 
the 2 groups in number of children who developed no 
or mild pain upon propofol injection (P=0.32). In all, 
58% of children in the SP group (group 1) and 42% of 
children in the VS group (group 2) had no or mild pain 
upon propofol injection (Table 3).

The difference in pain scores between the 2 
groups was not significant. In all, 14 children (42.4%) 
in the SP group and 8 (24.2%) in the VS group had no 
pain upon propofol injection. Moreover, 15% of the SP 
group and 18.2% of the VS had mild pain on propofol 
injection (Table 3). Finally, 3 children developed 

Fig� 1 
CONSORT Flow Diagram
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erythema at site of the SP, which spontaneously 
resolved. No other side effects were noted.

Discussion

The main disadvantage of administering propofol 
is the associated injection pain. Several medications 
were used, including lidocaine, both admixture and 
pretreatment4, alkalization of lidocaine5, cooling of 
lidocaine6, pretreatment with ketamine7, remifentanil 
and alfentanil8, tramadol9, nitrous oxide10, and 
dexmedetomidine11. A combination of magnisium 
sulphate with lidocaine offered no additional benefit 
for the relief of propofol injection pain12. Pretreatment 
with ramosetron 0.3 mg and lidocaine 40 mg were 
equally effective in preventing pain from propofol 
injection13. A combination of opioids and lidocaine 
reduced the incidence and severity of pain compared 
with each drug alone14. The medium-chain triglycerides 
(mct) propofol has been associated with less pain in 
preschool children than long-chain triglycerides (l ct) 
propofol15. In a systematic review and meta-analysis, 
it was found that the 2 most efficacious interventions 
to reduce pain upon propofol injection were the use 
of antecubutal vein, or pretreatment using lidocaine in 
conjuction with venous occlusion when the hand vein 
was choosen16.

In our study, placing a SP or spraying the skin with 
a VS provided not only dermal analgesia for vascular 
access but also helped to decrease pain upon propofol 
injection. In all, 58% of children who received SP and 
42% of those in whom the VS was applied had no or 
mild pain upon propofol injection.

The SP is a novel patch approved by the FDA. It is 
a lidocaine/tetracaine patch with an oxygen-activated 
heating element called Controlled Heat-Assisted Drug 
Delivery (CHADD). The formulation in the patch is 
an eutectic mixture containing 70 mg of lidocaine and 
70 mg of tetracaine in a 1:1 ratio by weight. When 
the patch is taken out of the sealed pouch, air flows 
through the holes present in the cover membrane at a 
controlled rate, activating the heating element17,18. In 
children, applying SP decreased pain associated with 
vascular access19. The systemic absorption is minimal 
in children, and with single or multiple SP, the plasma 
levels of lidocaine and tetracaine were well below 
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Table 1 
Demographic data� Data are presented as mean ± standard 

deviation or numbers

SP Group
(N=33)

VS Group
(N=33)

Age (yrs) 13.0 ± 2.0 12.5 ± 2.0

Gender, F/M (n) 16/17 15/18

Weight (kg) 58.1 ± 22.3 60.9 ± 24.3

ASA, 1/2 (n) 12/20 13/20

Duration of the Patch (mins) 41.1 ± 17.1 N/A

IV Start Time Until Propofol 
Injection (mins)

30.2 ± 22.0 25.5 ± 15.6

Table 2 
Pain scores (mean ± standard deviation) on placing the 

intravenous catheter

SP Group
(N=33)

VS Group
(N=33) P-value

Observer Rating 2.3 ± 2.8 2.6 ± 2.3 0.631

Patient Rating 2.2 ± 2.6 2.67 ± 2.2 0.492

Table 3 
Pain prevalence during propofol in injection

SP Group
(N=33)

VS Group
(N=33)

No or mild pain; n (%) 19 (58%) 14 (42%)

Moderate or severe pain; 
n (%)

14 (42%) 19 (58%)

Number of patients with 
pain score of 1

14 8

Number of patients with 
pain score of 2

5 6

Number of patients with 
pain score of 3

9 13

Number of patients with 
pain score of 4

5 6



M.E.J. ANESTH 24 (1), 2017

25SYNERA PATCH DECREASES PROPOFOL INJECTION PAIN

the toxic levels18. The side effects seen with Synera 
patches are transient erythema, edema, blanching, and 
burning sensation that resolve spontaneously18.

We suspect that when a Synera patch is placed 
on the skin, both its lidocaine and tetracaine penetrate 
the dermis of the skin and anesthetize the underlying 
tissues and nerves. In volunteers, it was shown that 
after applying a Synera patch for 30 minutes, the 
depth of local anesthesia achieved was 6.8 mm19. 
Furthermore, the local anesthetics get absorbed and 
decrease pain associated with propofol injection3. To 
be effective, the Synera patch has to be applied to the 
skin for 20-30 minutes. Its analgesic effects can last 
up to 2 hours. In our study, the mean duration from 
placing the IV catheter until propofol injection for 
anesthesia induction was 30.2 ± 22.0 minutes.

In this study, after applying the VS to the skin 
and placing a 22 g catheter, propofol was injected 25.5 
± 15.6 minutes later. However, 42% of children in the 
VS group had no or mild pain upon propofol injection. 
Ethyl chloride, a local anesthetic and component of 
VS, appears to penetrate the dermis and numbs the 
underlying tissues20. In addition to VS having a cooling 
and counterirritant effect, which can contribute to its 
analgesic effect, disadvantages of its cooling effects are 
the associated pain and vasoconstriction. Many of our 
children complained of pain immediately after using 
the VS and before placing the IV catheter. Additionally, 
we were unable to place an intravenous catheter in 3 
of the children in the VS group. Conversely, the SP 
provides heat and potentially dilates the peripheral 
veins. However, a main advantage of the VS is that the 

IV catheter can be placed immediately after the spray 
which, is helpful in urgent and emergent cases. On 
the other hand, after placing a SP, a duration of 20-30 
minutes is needed to provide dermal analgesia. Also, 
the cost of the SP is higher than the VS.

In our study, in both groups and for all children, 
a 22 g IV catheter was placed on the dorsum of a hand 
vein and propofol was injected over 30 seconds. A 
previous analysis showed that injection of propofol 
through an antecubital vein is one of the most effective 
interventions to reduce associated propofol injection 
pain16. We suspect that if we used the anticubital vein, 
the number of children who develop no or mild pain to 
be larger than our current results.

Conclusion

Our study demonstrated that either placing a SP 
on the dorsum of a hand for 30 minutes or administering 
VS prior to intravenous access provides not only 
dermal analgesia but also decreases pain associated 
with propofol injection.
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INCIDENCE, CHARACTERISTICS AND MANAGEMENT 
OF FAILED INTUBATION IN 28,092 

SURGICAL CANCER PATIENTS
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Abstract

Failed intubation is a very rare event and has been poorly assessed. This is a retrospective 
study based on a computer clinical database assessing 28,092 anaesthetics. Data were obtained 
through sequential query language extraction. The incidence of failed intubation defined by the 
impossibility to perform tracheal intubation by the anaesthetist in charge was 0.16% (25 cases). 
It decreased to 0.04% (6 cases) after the contribution of a second anaesthetist and dropped to 
0.02% (3 cases) after the intervention of a cervicofacial surgeon. Most of the patients with failed 
intubation had a history of cervicofacial tumors generally located in the oropharynx or mouth (17 
patients). Eight patients out of 25 were scheduled for non-cervicofacial cancer surgery. Sixteen 
out of 25 had transient desaturation (range 80-93%). Three out of 17 cervicofacial cancer patients 
who could not be intubated with the help of the second anaesthetist or the surgeon had their airway 
controlled by rescue transtracheal jet ventilation (RTTJV), laryngeal mask (LM), or emergency 
tracheotomy. All scheduled procedures were carried on and no complications occurred. This study 
highlights the necessity to seek help very early as most failed intubations (76%) were resolved with 
the help of a second anaesthetist; however, the importance of cooperation with surgical teams was 
even greater. When anaesthetists failed to intubate, cervicofacial surgeons resolved the situation in 
50% of the cases.

Keywords: failed intubation, difficult intubation, cancer surgery

Introduction

While multiple studies have assessed difficult intubation and related procedures1-5, hardly any 
of these studies have described the circumstances of occurrence and the solutions implemented 
during intubation failures.

According to several studies, the incidence of difficult intubation is between 0.1 and 2.4% in 
general surgery, 3-7% in obstetrics, 10-20% in cervicofacial surgery. In the latter group of patients, 
intubation is difficult due to specific anatomical features6,7. In 1996, it was estimated that difficult 
intubation was directly or indirectly responsible for a third of incidents attributed to anesthesia8. 
Difficult intubation was the first cause of mortality and morbidity in relation to anesthesia, and in 
two-thirds of cases, patients died or suffered from severe neurologic damage. Specific algorithms 
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2 From the Department of Cervicofacial Surgery, Institut Gustave Roussy, Villejuif, France.
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for difficult intubation are published by many Society 
of Anesthesiologists to overcome this critical situation 
for the vast majority of patients1,3,8,9.

The failed or impossible intubation defined by the 
inability of an anesthesiologist to introduce the tube 
into the trachea is a very rare event, and thus, very few 
publications are available. The incidence varies from 
0.08 to 0.1%10. This situation is not critical as long as 
oxygenation and ventilation can be maintained. It can 
be disastrous when it becomes difficult to oxygenate 
the patient. Otherwise, patients are woken up and the 
surgical procedure is cancelled. The cancellation or 
delay of a new intervention may be detrimental to the 
health of the patient, especially cancer patients.

The purpose of this study was to evaluate the 
situation of failed intubation on a very large number 
of surgical cancer patients: incidence, type of 
surgery, and respective maneuvers performed by the 
anesthesiologists and/or surgeons to overcome this 
challenge and their related complications.

Materials and methods

This is a four-year, descriptive, retrospective, 
single-center study that includes 28,092 consecutive 
anesthesia procedures in a cancer hospital between 1 
January 2007 and 31 December 2010. Our Institutional 
review board authorized our department to extract 
information from the database for quality assurance 
program and subsequently publish general results 
(Avis n° 92012/33465). Our team is frequently faced 
with situations of difficult intubation and oxygenation 
problems since cervicofacial tumor patients represent 
more than 25% of the general population of patients 
that we support.

During this period, the available difficult airway 
management devices or techniques were: classical 
Macintosh curve, straight blade Miller laryngoscope 
along gum elastic bougie, fiberoptic intubation, 
Intubating Laryngeal Mask Airway ILMA (Fastrach®) 
and the RTTJV, using a 14 G tracheal catheter via a 
Seldinger technique (Leadercath Vygon France) and 
a jet-ventilator with an automatic control of tracheal 
pressure to avoid pulmonary barotrauma.

All data were extracted from a computer database 

using sequential query language (SQL), in which all 
anesthetic interventions/events were prospectively 
indexed by anesthesia providers in addition to the 
automatic recording of clinical parameters during 
and after anesthesia in post-anesthetic care unit 
(PACU). All monitors and respirators are connected 
to the database (ARK system Datex GE®). Intubating 
conditions are systematically reported: tube diameter, 
number of laryngoscopies, the name of the operator, 
maneuvers performed (laryngeal manipulation, gum 
elastic bougie, intubating ILMA, fiberoptic intubation, 
inter-cricothyroid puncture, RTTJV, failed intubation 
and complications; second and third operators are also 
called for help (second anesthetist and cervicofacial 
surgeons). At the time of the study, newer devices 
such as Air Trach, C-Trach or video laryngoscopes 
were not available. Before leaving the Post-Anesthetic 
Care Unit (PACU), the anesthesia record is printed and 
saved in a database (Sybase).

The folder “intubation” of the database has four 
possible entries: Easy Intubation, Difficult Intubation, 
failed or impossible intubation, and RTTJV. During 
anesthesia, the “failed intubation” field was checked 
when the senior anesthetist in charge was not able to 
perform the intubation, thus leading him to call for 
help.

To identify these categories of patients, the query 
«failed intubation» was made in the “intubation” 
folder. Therefore, all patients with a failed intubation 
by a single operator (the anesthetist in charge) were 
identified and extracted. Each computerized anesthesia 
record was analyzed to reconstruct the history of events 
by analyzing vital signs, trends stored by monitors and 
other indexed events such as drug injections, other 
interventions and additional comments.

The following information were extracted from 
the database and preoperative anesthesia consultation 
records:

- Demographic characteristics: age, gender, body 
mass index (BMI).

- Risk factors for difficult intubation according 
to the expert conference SFAR2 were history of 
difficult intubation, Mallampati score greater than 
II, thyromental distance of less than 6 cm, mouth 
opening of less than 35 mm, limitation of mandibular 
protrusion, limitation of neck mobility.
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- Risk factors of difficult mask ventilation, 
cervicofacial pathology, including prior cervicofacial 
cancer surgery and neck irradiation or facial burns.

- Risks factors for upper airway obstruction11.

Intraoperative events are ones such as the use 
of neuromuscular blocking agents, type of muscle 
relaxants and time of injection, type of surgery, duration 
of intubation defined by the time between the injection 
of anesthetics for induction and adequate insertion 
of the endotracheal tube, presence of hypercapnia 
(PetCO2 >43 mmHg) measured just after intubation, 
occurrence of oxygen desaturation of less than 95%, 
and the presence of mask ventilation difficulties. 
Manual mask ventilation was identified as difficult 
when airway pressure was above 25 mmHg and/or the 
occurrence of desaturation episodes during face mask 
ventilation.

- Finally, all methods used to control the airway 
were identified (laryngeal maneuvers, gum elastic 
bougie, LMA, ILMA, RTTJV, fiberoptic intubation, 
call for help of a second anesthetist and/or cervicofacial 
surgeon, and finally, tracheotomy).

Statistical analysis

Quantitative variables were expressed as mean 
± standard deviation, and percentage. All calculations 
were performed with GraphPad PRISM © version 
5.01 software.

Results

A total of 28,092 general anesthesia procedures 
were performed from 2007 to 2010. Different types 
of procedures performed in our institution were 
respectively 28% for head and neck surgery, 26% 
for breast surgery (the majority were under laryngeal 
masks), interventional radiology procedures (14%), 
general surgery (7%), gynecological surgery (7%), and 
thyroid surgery (4%).

The head and neck cancer surgery activity 
included 74% of surgical procedures in the oral cavity, 
oropharynx, nasopharynx or facial, and 26% of surgical 
procedures on the larynx or laryngopharynx. Between 
2007 and 2010, 14,270 (51%) patients were intubated 

and laryngeal masks were used in 6511 (23%) cases. 
Intubation was considered as difficult in 7% (n = 1989) 
of intubated patients regardless of the technique used.

Gum elastic bougie was used in 1394 cases, and 
fiberoptic intubation in 595 cases. Finally 1991 (7%) 
patients had TTJV mainly for cervicofacial endoscopy, 
and very few for difficult intubation and rescue 
oxygenation (6 cases).

The “failed intubation” query in the folder 
«intubation» originally identified 32 records between 
2007 and 2010. The detailed analysis of cases through 
the anesthesia records revealed seven cases out of 32 
in which the intubation sequence was, in fact, easy 
(intubation duration of less than 10 minutes, normal 
insufflation pressure, lack of desaturation). These 
seven cases probably are the subject of an input error 
by the anesthesia providers in charge of the patient.

Therefore, our final series include 25 patients, 
and the incidence of failed intubation with a single 
operator was 0.16% for this period. In all of these 
cases, a second operator (a second anesthetist and/or 
surgeon) was called for help. However, the absence 
of identification of the second anesthesiologist did not 
permit the assessment of his experience. Among these 
25 patients, 17 patients had a history of cervicofacial 
cancer while the remaining eight did not have any 
(Figure). Difficult intubation was predicted in 16 
patients in the anesthesia consultation (1 for the group 
“non-cervicofacial” versus 15 for the cervicofacial 
group).

The non-cervicofacial group: (n = 8)

These eight patients had a mean age of 63.0 ± 
11.8 years and a body mass index of 27 ± 5 Kg/m². 
During the induction of anesthesia, they all received 
a propofol bolus in addition to remifentanil (TCIV). 
A non-depolarizing neuromuscular blocking agent was 
administered to all patients at induction.

One patient scheduled for nasal intubation 
(skin tumor of the lip) was converted to orotracheal 
intubation with the help of a second anesthetist, 
combining the Maneuver Backward, Upright, Right 
Pressure (BURP maneuver) and using gum elastic 
bougie. The others were intubated by orotracheal 
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route with the help of a second anaesthetist reiterating 
conventional maneuvers or by using the Fastrach®. 
The airway support duration was 20 ± 7.5 minutes, 
attesting to the difficulty of the procedure.

The absence of identification of the second 
anesthesiologist did not permit the assessment of his 
experience. However, the intervention of a second 
anesthetist solved the difficulty for all eight patients. 
Four patients had oxygen desaturation between 82 and 
93%. The mean lowest SpO2 was 87% ± 5. Three of 
them showed a moderate and transient hypercapnia. 
No patient had complications.

The cervicofacial group (n = 17)

These patients had a mean age of 63 ± 10, a 
gender ratio (M/F) of 3/1, and a BMI of 24 ± 6 kg/m². 
Among 17 patients, 15 had oropharyngeal tumors and 
nine had a previous history of cervical radiotherapy. 
Five patients were scheduled for fiberoptic intubation 
under target-controlled remifentanil (TCI). In these 
patients, two out of five were intubated by the 
second anesthesiologist with a Miller straight blade 
laryngoscope and the Backward Upward Rightward 
Pressure (BURP) manoeuver, and the surgeon 
performed two fiberoptic intubations – one nasal 
and one oral, and one emergency tracheotomy. The 
remaining 12 had propofol, remifentanil TCI for 
induction, while three out 12 had muscle relaxants. 
Six out of 12 could be intubated by the anesthesia 
team with the presence of a second anesthesiologist. 
The methods used were BURP, gum elastic bougie, 
and two ILMA respectively (with a total of five 
orotracheal intubations and one nasal). Finally, six 
patients could not be intubated by the anesthesia team; 
five of them had also difficult ventilation, justifying 
the use of a RTTJV to maintain oxygenation. The 
cervicofacial surgeon could intubate three of them, one 
orotracheal with hypopharyngoscope, and two others 
with fiberoptic nasal intubation. Therefore, in this 
population, the number of “failed” intubations after 
using traditional and new techniques with the help of 
a second or third operator, including a cervicofacial 
surgeon, was three out of 25. For these three patients, 
surgery was not cancelled and was performed using 
RTTJV in one case, laryngeal mask in another case, and 
after tracheotomy in the last one. The mean duration of 
intubation was 30 ± 17 min. extreme values (11 and 
43 minutes). Twelve patients experienced desaturation 
between 80 and 94%. The average lowest SpO2 was 
87% ± 6. Six out of 17 patients showed a moderate and 
transient hypercapnia. Finally, intubation difficulties 
did not induce any complications.

Discussion

This study shows that failed intubation has been 
a very rare incident (only three patients in four years) 
in a busy cancer hospital, including cervicofacial 

The outcome of failed intubation in 25 patients:
RTTJV = Rescue Trans Tracheal Jet Ventilation, ILMA= 
Intubating Laryngeal Mask

Fig� 1 
Flowchart of patients
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surgery). In addition, the intervention of a second 
anesthetist and /or the cervicofacial surgeon, mostly 
for cervicofacial cancer patients, was of great help; the 
latter possibly recognized pathologic oropharyngeal 
airways better and used other devices with a better 
glottic visualization such as hypopharyngoscope.

As a very rare event, the failed or impossible 
intubation is reported in very few publications5. In 
this single-center, retrospective study, the incidence 
of difficult intubation was 1.6% of all of intubated 
patients. This incidence drops to 0.02% when 
considering patients who could not be intubated by the 
anesthesiologist in charge, the anesthesiologist who 
was called for help, or by the cervicofacial surgeon. 
The rate of failed intubation found in the literature 
varies from 0.08 to 8%4,7,12,13, which is in agreement 
with the incidence found in our population. In a 
retrospective study, Langeron et al. found an incidence 
of 0.8% for 1374 patients, which was much higher 
than other studies; however, the definition used for the 
failed intubation was not specified8.

Because of the surgical recruitment, our 
anesthesia team is frequently confronted with difficult 
airway situations. Thus, the algorithm of difficult 
intubation and oxygenation2,3,14 is almost a daily 
practice. A majority of our series of patients with 
failed intubation, with or without neck cancer, who 
could not be intubated by the first anesthetist in charge 
were intubated with the help of a second anesthetist, 
highlighting the importance of the call for help in case 
of airway management difficulty. The French society 
of anesthesiologists (SFAR) recommends an early call 
for help in difficult intubation situations2. However, 
the call for help does not guarantee a more experienced 
anesthetist. In our database, the name of the second 
operator could not be indexed, and therefore the level 
of experience of the second operator was not assessed. 
This shortcoming is now corrected in our new 
Anesthesia Information Management System which 
has been installed since 2011, and any new operator is 
authenticated. We believe that the high rate of success 
in the presence of the second anesthetist was less 
related to their technical skill set, but mostly to their 
availability to discuss and “think” about the case with 
the team in charge, and-to a lesser extent-the presence 
of two supplementary “trained hands”, contributing to 

a decrease in general stress and fatigue which are not 
be helpful in such situations.

Another interesting finding from this study is 
the lack of a serious complication of failed intubation. 
Sixteen out of 25 patients presented an episode of 
transient desaturation without detectable clinical 
consequences. This is mostly due to an adequate 
cooperation between anesthesia and surgical teams in 
critical situations, combined with the experience of our 
anaesthesia team in RTTJV. In this series of patients, 
difficult intubation was predicted in the anesthesia 
consultation in 16 out of 25 patients (two for the group 
“non-cervicofacial” versus 14 for the “cervicofacial”), 
and airway management was adapted to these 
anticipated difficulties. The fiberoptic intubation 
failures for patients in the ENT group (five in our 
series) can be complicated by desaturation. However, 
this technique remains the most relevant for this type 
of patients15. On the other hand, the failures of the 
laryngeal mask are observed when the disease affects 
the larynx or hypopharynx, and not the oropharynx 
or oral cavity, as demonstrated by Giraud et al., who 
said that in patients with limited mouth opening after 
oral radiotherapy, the laryngeal mask could be an 
alternative to intubation16.

Contrastingly, in patients with post-radiotherapy 
cervical sclerosis, the ILMA should be avoided 
because of an increased rate of failure15. Nevertheless, 
the prediction of difficult intubation is the least reliable 
in the latter types of surgery17. However, suggestions 
about whether a video laryngoscope could have been 
useful in some cases is legitimate18,19. We had no 
experience of these devices at the time of the study, but 
an increased failure rate is observed in cervicofacial 
cancer population of patients20. All six patients who 
were classified as failed intubation by the anesthesia 
team had former or active head and neck cancer. Arne 
J. et al., in their study of 1,200 patients, demonstrated 
that the presence of a cervicofacial malignancy 
multiplied the risk of difficult intubation by six times17. 
They did not, however, report failed intubation in 
their series, possibly due to the low incidence of this 
event. In this study, patients undergoing cervicofacial 
surgery or endoscopy were 34 times more likely to 
have failed intubation in comparison to other patients. 
Therefore this sub-category of patients should be 
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considered at risk, whether the tumor is treated or not. 
The difficulties encountered in patients with laryngeal 
and hypopharyngeal cancer are highly correlated to the 
tumor volume, and patients with high tumor volume 
are frequently symptomatic. This is not the case for 
tumors of the tongue base, which are frequently 
asymptomatic; in such cases, upper airway obstruction 
occurs just after anesthetic induction after muscle 
relaxation. Radiotherapy may be responsible for 
secondary infiltration of the levator muscles of the jaw, 
and a non-resolving trismus under general anesthesia21. 
In addition, a lack of extension of the cervical spine, by 
decreased mobility of the neck after neck dissection or 
cervical radiotherapy, is responsible for visualization 
difficulty of the glottis. This can also be explained by 
a filling of the vallecula by edema, fibrosis or tumor 
infiltration21. Finally, the incompressibility of the 
premandibular space due to infiltration of the base 
of tongue by a secondary tumor, or radiation therapy, 
prevents the forward movement of the tongue by the 
blade of laryngoscope22.

This series of patients also highlighted the 
methods used by the medical and surgical teams 
to handle this event, which could lead to serious 
consequences. The call for help in this setting is 
always justified, especially in a teaching hospital: it 
concerns a staff anesthetist or cervicofacial surgeon. 
Collaboration with surgeons is required to use the retro 
molar way23, which is no longer in the anesthesiology 
residency program nor the emergency tracheotomy. 
The use of RTTJV was often necessary to ensure 

satisfactory oxygenation. However, we agree that 
this technique is specific to our setting and cannot 
be generalized unless all staff are familiar with it; 
nevertheless, scalpel cricothyroidotomy remains 
indicated in the latest recommendations of Difficult 
Airway Society (DAS). The absence of complications 
is explained by two factors: proven difficult airway 
management algorithm, and cervicofacial surgeons 
being rapidly available. Even in an experienced center, 
failed intubation could be possible, and this risk must 
be anticipated in the algorithm. Since the incidence is 
very low, maintaining the level of competence in the use 
of certain techniques greatly helps-such as the routine 
use RTTJV for practicing cervicofacial endoscopy in 
specialized centers such as ours. However, scalpel 
cricothyroidotomy is now indicated in the new 
guidelines of the DAS9. This technique does not solve 
all the cases, and the knowledge of other techniques 
is essential as Fastrach® or fiberoptic intubation, 
but newer techniques such as videolaryngoscopic 
intubation probably need to be mastered. This study is 
in accordance with recent guidelines, suggesting that 
anesthesiologists should not isolate themselves in case 
of failed intubations, and most importantly, declare 
and record all failed intubations9. However, we also 
believe that difficult intubation strategies should be 
adapted to the resources available in each institution. 
A multicenter sharing of clinical databases would be 
useful to expand the patient population, including 
obesity or trauma.
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CONTINUOUS L2 PARAVERTEBRAL BLOCK FOR 
POSTOPERATIVE ANALGESIA AFTER DIRECT ANTERIOR TOTAL 

HIP ARTHROPLASTY: 
A CASE SERIES

ALBERTO E. ARdON1, RyAN R. REEd2, ROBERT L. mCCLAIN2, 
ARuN kALAvA2, juSTIN LEE2, jOhN REdmONd3  
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Abstract

Objective: The purpose of this case series was to assess the potential use of a continuous 
paravertebral block (PVB) at the L2 nerve root level as a part of a multimodal regimen in patients 
undergoing direct anterior total hip arthroplasty (DA-THA).

Design: 20-patient case series.

Setting: tertiary care hospital.

Subjects: patients undergoing DA-THA.

Methods: We retrospectively analyzed 20 patients undergoing DA-THA who had a continuous 
L2 PVB until postoperative day 2. Hip flexor strength, pain scores, opioid use, and length of stay 
were assessed post operatively.

Results: 11 of 20 patients had motor weakness to gravity postoperatively. However, mean 
basic mobility score on postoperative day (POD) 1 was 18.4 ± 2.4. Mean maximum pain on POD0 
was 5.4 ± 3.0. On POD1, mean dynamic and maximum pain scores were 3.5 ± 2.5 and 3.5 ± 2.8, 
respectively. Mean intravenous morphine use was 22.5mg ± 13.4 and 16.5mg ± 11.4 on POD0 and 
POD1, respectively. Mean discharge day was 2.1 ± 0.5.

Conclusions: While over half of the patients in our case series had some hip weakness 
postoperatively, participation in physical therapy was not hindered. An L2 PVB catheter, combined 
with a multimodal postoperative pain control regimen, may provide analgesia after anterior-
approach THA without inhibiting recovery.

Keywords: paravertebral block, hip arthroplasty, paravertebral catheter.
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Introduction

Recent studies suggest that direct anterior 
(DA) total hip arthroplasty (THA) may offer early 
functional recovery and decreased length of hospital 
stay compared to traditional lateral approach 
surgery1. Lumbar plexus block has been an accepted 
technique for analgesia in patients undergoing hip 
arthroplasty2-4. However, blockade of the lumbar 
plexus leads to significant quadriceps weakness, 
which may affect participation in physical therapy and, 
while controversial, has been suggested as a possible 
contributor to patient falls5. In a 2008 case report by Lee 
et al.6, the use of paravertebral block (PVB) by single 
injections at the levels of L1 and L2 was described as 
an effective method of postoperative analgesia in two 
cases of hip arthroscopy, with limited motor weakness. 
In one previous case series at our institution, single 
shot T12-L2 paravertebral blockade was found to be 
a useful postoperative analgesic technique for DA-
THA without significant motor weakness7. Another 
study by Wardhan and colleagues examined the use 
of an L2 PVB catheter among minimally invasive 
hip arthroplasty patients and found the technique 
comparable to continuous lumbar plexus blockade, 
with equivalent motor weakness8.

The purpose of this case series was to assess the 
potential use of a continuous paravertebral block at the 
L2 nerve root level in patients undergoing DA-THA as 
part of a multimodal analgesic regimen, with an aim to 
minimize any detriment to mobility.

Methods

This was a retrospective chart review where-in, 
after institutional review board approval, all patients 
who underwent an elective DA-THA at our institute 
from March 18 2015 to May 1, 2015 who received an 
L2 PVB block were reviewed. The use of paravertebral 
blockade for DA-THA is routinely used by the senior 
author at our institution, based on clinical outcomes 
previously investigated7. Of the initial 25 patients 
identified, 5 patients were excluded from the study: 2 
patients had L2 PVB catheters removed early so that 
anticoagulation therapy could be started, 2 patients 
did not have the functionality of their block checked 

preoperatively, and one patient lacked sensory deficit 
after initial catheter bolus and the decision was made 
to proceed with surgery without further attempt at 
regional analgesia.

Preoperative Assessment/Regional 
Analgesic Techniques

Baseline static and dynamic pain scores as 
reported by the patient, as well as use of opioids at home 
for pain were recorded in the preoperative bay. After 
establishment of intravenous access, administration 
of supplemental oxygen, and application of American 
Society of Anesthesiologists standard monitors, the 
patients were placed in a sitting position. After a 
pre-procedure timeout, intravenous sedation using 
fentanyl citrate (50-250 mcg) and/or midazolam (2-5 
mg) was administered at the discretion of the attending 
anesthesiologist. The second lumbar spinous process 
was identified using ultrasound, and the needle entry 
site was marked 2.5 cm lateral to the superior aspect 
of the L2 spinous process. The area was prepared 
and draped in a sterile fashion, and 1% lidocaine was 
infiltrated subcutaneously at the point of needle entry. 
A sterile18-gauge 10cm insulated nerve-stimulating 
Tuohy needle (Contiplex. B Braun, Melsungen, DE) 
was introduced perpendicularly to the skin until the 
transverse process was encountered. The needle was 
then redirected in a caudad direction and advanced 
inferior to the corresponding transverse process 
approximately 1-2cm until an inguinal or femoral motor 
response was elicited at 0.5mA using a peripheral nerve 
stimulator (Stimuplex HNS12. B Braun. Melsungen, 
DE). At this point a 20-gauge soft tip catheter was 
inserted to a depth of 4 cm beyond the needle tip. A 
bolus of 10 mL 0.5% ropivacaine was then injected 
via the catheter into the paravertebral space. The 
catheter was secured with an adhesive Dermabond™ 
(Ethicon, San Larenzo, Puerto Rico),Steri-strips™ 
(3M, St Paul, MN, USA) and a transparent occlusive 
dressing (Tegaderm™ 3M, St Paul, MN, USA). Vital 
signs were recorded every 5 minutes until the patient 
was taken to the operating room. Adequacy of the 
block was checked 15 minutes after injection of local 
anesthetic by testing for loss of temperature sensation 
by comparing bilateral dermatomes from T12 through 
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L4 using an ice filled bag. All blocks were done by 
the regional anesthesiology fellow or the attending 
anesthesiologist.

Intraoperative Anesthesia Management

Per our usual anesthetic management for 
arthroplasties, all patients had spinal anesthesia at 
L3-4 with isobaric bupivacaine 0.5% 2.5 ml (12.5mg). 
Intraoperative sedation was accomplished with 
propofol and/or midazolam, at the discretion of the 
anesthesiologist in the operating room.

Postoperative Assessment

In the postanesthesia care unit, a paravertebral 
infusion of 0.3% ropivacaine was started at 6 mL/ 
hour. Additional pain relief was available via patient-
controlled 6-mL boluses of 0.3% ropivacaine via 
catheter pump given no more than hourly, as well 
as nurse-administered opioids given as needed. In 
accordance with our standard multimodal system of 
analgesia after THA, patients were also scheduled to 
receive acetaminophen 1000mg po q6 hours, celecoxib 
200mg po q12 hours, and dexamethasone 6mg IV on 
the morning of postoperative day 1. All patients were 
followed and assessed daily by our acute pain service; 
sensory deficit to ice in the L2 distribution, pain 
scores, and motor function were assessed during these 
visits. Motor strength was assessed using the Oxford 
scale during these visits. Paravertebral catheters were 
removed at 05:30 on the second morning after surgery 
(POD2).

Primary outcomes of this study were 1) lower 
extremity mobility scores, and 2) mean postoperative 
static, dynamic, and maximum pain scores. Mobility 
scores were obtained from the medical record as 
recorded by physical therapists during their daily 
visits using the Activity Measure for Post-Acute Care 
Basic Mobility Score (BMS). Static and dynamic 
pain scores during recovery were recorded during 
the acute pain service visits. Static pain scores 
were inquired while the patient was supine in bed; 
dynamic pain scores were asked during performance 
of motor strength assessment. Maximum pain scores 
were derived from review of patient charts. Other 

outcomes included mean opioid use (in milligrams of 
intravenous morphine equivalents), day of discharge, 
and discharge destination. In an effort to standardize 
postoperative analgesic use and pain score data 
collection, the following definitions were used for this 
study: postoperative day 0 (POD 0) is the time from 
end of surgery to 24 hours thereafter; POD 1 is 24-48 
hours after end of surgery or until the PVB catheter 
was removed, whichever occurred first. No data for 
any variable was collected after patients had their 
paravertebral catheter removed.

Means and standard deviations for numerical 
data were calculated using Microsoft Excel (Microsoft, 
Redmond WA). As this is a case series rather than a 
case/control study, no comparative statistics were 
performed

Results

Patient characteristics are presented in Table 1. 
Only 5 of the 20 patients required an assistive device 
for ambulation on presentation to the preoperative 
bay secondary to hip pain; no patients reported 
preoperative baseline lower extremity weakness. 
All patients received postoperative acetaminophen, 
celecoxib, and dexamethasone. 10 patients were using 
opioids as analgesics prior to surgery.

Immediately after placement and dosing of the 
paravertebral catheters, all patients had ipsilateral 
sensory deficit to cold in L1, L2 or L3 distribution. 9 
patients had no motor weakness to Oxford testing; 11 
of the 20 patients (55%) had 2/5 or 3/5 hip flexor or 
quadriceps strength. The morning after surgery, mean 
motor strength was 3.5 ± 2.5 of the 20 patients (85%) 
had at least 3/5 hip flexion strength. 2 patients had 2/5 
strength; one patient had no numerical value assessed. 
On postoperative day 1, basic mobility scores ranged 
from 15 to 24, with a mean BMS of 18.4 ± 2.3 (Table 
2). No patient had sufficient weakness to prevent 
ambulation or participation in physical therapy on 
POD1.

Postoperative pain scores are also shown in Table 
2. Mean maximum pain on POD0 was 5.4 ± 3.0. On 
POD1, mean static and dynamic pain scores were 1.2 
± 1.6 and 3.5 ± 2.5, respectively.
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As shown in Table 3, mean opioid use during 
POD0 was 22.5 mg ± 13.3, with decreased usage of 
16.5mg ± 11.4 on POD1 (Figs. 2 and 3).

Regarding discharge, 17 patients (85%) were 
discharged on or before POD2; the remaining 3 patients 
were discharged on POD3. Mean discharge day was 
2.1 ± 0.5. All but one patient were discharged home.

All patients had functioning paravertebral 
catheters (as assessed by sensory deficit in L2 
distribution) until scheduled removal time; no patients 
required postoperative boluses to re-establish sensory 
blockade.

Discussion

Nerve supply to the hip joint is complex and 
variable among individuals. However, the main 
peripheral nerves thought to innervate the hip joint 
are femoral (posterior divisions of L2-L4), obturator 

(anterior division of L2-L4) and sacral plexus 
branches (L4-L5, S1-S3)9. Although less well defined, 
osteotomal innervation is thought to be via L2 and L3 
primarily10. As the L2 nerve root contributes to several 
peripheral nerves including genitofemoral, lateral 
femoral cutaneous, femoral, and obturator nerves, 
sensory blockade at this nerve root level would appear 
to be beneficial in hip surgery. Direct anterior approach 
total hip arthroplasty has been suggested as a less-
invasive surgical technique which may be associated 
with less postoperative pain and shortened hospital 
stay compared to the posterior-lateral approach1. 
However, pain following any arthroplasty is universal 
and aggressive pain control with minimization of 
motor weakness is warranted to enable patients to 
participate in physical therapy and rehabilitation. 
Previously we had investigated the use of single-shot 
T12-L2 PVB for DA-THA, and had favorable results7. 
However, in that case series duration of block was not 
assessed. In this current case series we investigated 

Table 1 
Patient characteristics

Pt ID Age ASA Sex Operative Side Consistent preoperative 
opioid, if any

Baseline static 
pain

Baseline 
dynamic pain

1 70 2 F Right No 0 6
2 66 3 M Left No 0 5
3 66 2 F Right Yes 5 9
4 62 2 M Right No 0 5
5 68 3 M Right No 1 10
6 75 3 F Right Yes 2.5 9.5
7 65 2 F Left No 1.5 4
8 61 2 F Right No 0 6
9 65 2 F Right No 4 9.5
10 71 2 F Right Yes 0 7
11 63 2 M Left No 0 2
12 56 2 M Right Yes 0 7
13 61 2 F Right Yes 0 10
14 53 2 F Left Yes 0.5 7
15 68 2 F Left Yes 0.5 4.5
16 61 3 F Right No 3 7
17 61 2 F Left Yes 0 5.5
18 70 3 F Right Yes 2 9
19 65 2 M Right Yes 2 3
20 70 2 F Right No 0 5
Mean ± SD 64.8 ± 5.3 1.1 ± 1.5 6.6 ± 2.4
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if continuous L2 PVB catheter could be a suitable 
alternative for postoperative analgesia. Dynamic and 
maximum pain scores were comparable to our previous 
study of paravertebral blockade use, although POD0 
maximum pain scores were lower in that initial study. 
Additionally, dynamic pain scores at 24 hours are in 
agreement with a previous study of L2 PVB catheter 
use in this patient population8.

Regarding patient mobility, it is interesting to 
note that even though over half of the patients had 
hip weakness soon after initial dosing of the PVB 
catheter, 17 patients had hip strength scores greater 
than or equal to 3/5 the morning after surgery. Of the 
3 patients who required assistance with ambulation 
preoperatively, two had required assistive devices 
preoperatively: one with a single point cane and the 
other with a 3-4 wheeled rolling walker. The initial 
presentation of motor weakness may be secondary 
to the initial dose of 50mg of ropivacaine volume 
of injectate. Previous literature suggests that the use 

of large injectate volumes in the paravertebral space 
may lead to epidural or unpredictable spread11-13. In 
the Wardhan study investigating the use of L2 PVB 
catheter for DA-THA, after an initial bolus of 15ml of 
local anesthetic, motor weakness was found to be no 
different than that associated with continuous lumbar 
plexus blockade. While the injectate volume large 
enough to cause epidural spread or motor weakness 
is not clear, it is possible that 10ml may be sufficient 
to extend spread of local anesthetic beyond the 
paravertebral space. However, no patient had bilateral 
sensory deficit suggestive of epidural spread at any 
point during the study.

Mean basic mobility score the day after surgery 
was 18.4 on a scale of 24, which approximately equates 
to a degree of functional impairment of 42-45%14. 
While the mean degree of functional impairment as 
measured by this metric has yet to be established in 
the general DA-THA population, one recent study 
suggested that mobility scores could be predictive 

Table 2 
Postoperative motor strength, basic mobility, and pain scores

Patient ID POD1 Motor strength at hip 
(Oxford scale)

POD1 Basic 
Mobility Score

POD0 maximum 
pain

POD1 Static 
Pain

POD1 Dynamic 
pain

1 3 17 7 0 5
2 5 18 2 1 5
3 3 17 8 3 3
4 5 24 7 0 0
5 3 23 4 2 7
6 3 18 6 5 8
7 2 17 6 0 2
8 n/a 19 0 0 4
9 5 18 8 0 0
10 3 16 3.5 0 7
11 5 18 0 0 0
12 4 19 7 0 2
13 3 17 9 2 4
14 3 19 10 0 6
15 5 23 0 0.5 2
16 2 15 8 4.5 6
17 3 18 7 3.5 4
18 3 17 6 2 2
19 3 18 5 1 2
20 3 17 5 0 0
Mean ± SD 3.5 ± 1.0 18.4 ± 2.3 5.4 ± 3.0 1.2 ± 1.6 3.5 ± 2.5
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of discharge destination: patients who had a BMS of 
approximately 21 being more likely to be discharged 
home, while patients with a BMS of 14 were more 
likely to be discharged to an institution15. At our 
institution, the majority of patients undergoing DA-
THA have sufficient mobility to be discharged home 
with home-based physical therapy. Thus, the fact that 
19 of the 20 patients in our case series were in fact 
discharged directly to home is very encouraging and 
supports the possibility that the degree of functional 
impairment seen from an L2 paravertebral catheter 
was not significant enough to hinder physical therapy 
or alter discharge destination.

Previous studies show variable results regarding 
mean opioid use after DA-THA. Mean opioid use as 
high as 32.2mg-50.7mg IV morphine equivalents has 
been reported on POD0 and POD1, respectively16 
Another study described much lower values of 11.2mg 
and 13.9mg for POD0 and POD1 mean intravenous 

morphine consumption, respectively17 Interestingly, 
opioid use in our current investigation may be higher 
than that previously seen with use of single shot 
T12-L2 paravertebral blocks7. Mean cumulative 
opioid consumption until 48 hours after end of surgery 
was 39 mg compared to 25mg until the morning of 
POD2 in our previous single shot PVB investigation. 
However, because time period definitions are different 
in the two studies, the comparison may be biased 
toward inclusion of more opioid administrations in our 
current study. Overall, opioid use was comparable to 
that of a previous investigation of L2 PVB catheter for 
minimally invasive hip surgery8.

There are several limitations to our non-
randomized retrospective study. First, motor weakness 
immediately after placement of PVB catheter, if 
present, was graded with a standard Oxford motor 
examination scale from 0 to 5, and not with the BMS 
scale. Only the presence of a change from baseline 

Table 3 
Postoperative opioid use and discharge

Patient ID POD0 Morphine 
Equivalent (mg)

POD1 Morphine 
Equivalent (mg)

Day of Discharge Discharge Destination

1 15.83 15 2 Home
2 10 25 2 Home
3 40 26.33 3 Home
4 13.33 5 2 Home
5 35 30 2 Home
6 40 28.33 3 Home
7 15 10 2 Home
8 10 6 2 Home
9 21.67 15 2 Home
10 40 25 2 Home
11 10 15 2 Home
12 28.33 25 2 Home
13 28.33 40 2 Home
14 41.67 2.5 2 Home
15 10 0 1 Home
16 23.33 15 2 Home
17 38.33 30 2 Home
18 5 5 2 Home
19 23.33 5 2 Home
20 0 7.5 3 Nursing facility
Mean ± SD 22.5 ± 13.3 16.5 ±11.4 2.1 ± 0.5
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motor 5/5 strength was noted. Thus, the degree of 
mobility inhibition caused by initial PVB catheter 
bolusing and its contribution, if any, to POD1 weakness 
can only be inferred. Second, follow-up sensory deficit 
testing, while assessing L2 blockade, did not assess 
spread to sciatic dermatomes. Thus, it is possible 
that greater-than-expected spread occurred, which 
may have contributed to any motor weakness seen. 
Additionally, temporary sensory deficit and motor 
weakness secondary to surgical technique cannot be 
excluded. However, no patient had continued sensory 
deficit after PVB catheter removal. Third, our study is 
subject to observer bias. The anesthesiology fellow or 
attending was not blinded to the analgesic technique; 
furthermore, the practitioner placing the block was 
also involved in follow-up. However, postoperative 
sensory and motor testing was performed as described 
in the methods section by acute pain nurses, and thus 
we believe that bias favoring blockade success was 
minimized via this approach. Lastly, this case series by 
definition lacks a comparison group; thus the degree 
of efficacy compared to placebo or lumbar plexus 
catheter cannot be inferred. It is important to note that 
although no major complications were documented 
among our 20 patients, this observational case series 

was not designed to study the side effects of lumbar 
paravertebral blocks.

Conclusions

While over half of the patients in our case series 
had some hip weakness postoperatively, participation 
in physical therapy was not hindered. An L2 PVB 
catheter, combined with a multimodal postoperative 
pain control regimen, provided adequate analgesia 
after anterior-approach THA at our institution. The 
majority of patients were discharged on postoperative 
day 2. Further investigations should be done to 
determine the effects of L2 PVB on motor preservation 
and to determine more about the safety and efficacy of 
this analgesic technique, as well as its applicability to 
other settings
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UNDERBODY FORCED-AIR WARMER BLANKET IS SUPERIOR 
TO OVERBODY BLANKET IN PREVENTING HYPOTHERMIA 

DURING LAPAROSCOPIC DONOR NEPHRECTOMY

RyOhEI mIyAZAkI1, kENgO hAyAmIZu1 
ANd SumIO hOkA2**

Abstract

Background: Forced-air warming device is widely used to maintain patients’ core temperature 
in the intraoperative period. In recent years, disposable underbody blanket have been available in 
the operating room. There are few studies have targeted the warming effect of underbody blanket. 
We compared the heating effects between underbody blanket and overbody blanket in living kidney 
donors.

Methods: We performed a retrospective observational study in 107 consecutive donors who 
underwent laparoscopic nephrectomy. We divided the donors into two groups according to the 
blanket types used during surgery: underbody blanket group and overbody blanket group. The 
following data were obtained from anesthesia records and hospital records: esophageal temperature, 
the time from the end of surgery to extubation, shivering and postoperative surgical site infection. 

Results: There were few differences in demographics and perioperative variables between the 
two groups. Postinduction, and lowest intraoperative temperatures were similar between the two 
groups. However, the temperature at the end of surgery was significantly higher in the underbody 
than overbody blanket group. In addition, women tended to have lower core temperatures than men 
in each blanket group. The time from the end of surgery to extubation was shorter in the underbody 
than overbody blanket group. No surgical site infections occurred. Postanesthesia shivering was 
slightly more frequent in the overbody than underbody blanket group, but the difference did not 
reach statistical significance.

Conclusion: We demonstrated that the underbody blanket is superior to the overbody blanket 
in raising the core temperature during laparoscopic donor nephrectomy, especially in male patients.

Introduction

Inadvertent hypothermia is one of the most common intraoperative complications. This 
complication occurs due to anesthesia-related impairment of the patient’s central thermoregulatory 
control combined with a cool operating room temperature1. Core-to-peripheral redistribution of 
body heat occurs by peripheral vasodilation and arteriovenous shunting during general anesthesia, 
and core hypothermia develops rapidly after induction of general anesthesia2,3. Hypothermia is 
associated with many adverse events, including shivering, greater intraoperative blood loss and 
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a higher risk for transfusion4,5, surgical site infection 
possibly due to immune system impairment6, 
and reduced clearance of various drugs7. These 
complications may lead to higher mortality rates and 
longer hospital stays8,9.

The Bair Hugger® (3M Co. Ltd., Tokyo, Japan), 
a forced-air warming device, is widely used to 
maintain normothermia during operations. Warming 
with a forced-air warmer can increase the temperature 
of peripheral tissue and limit the amount of heat lost 
from the core by decreasing the core-to-periphery 
temperature gradient. The Bair Hugger warming device 
comprises a warming unit and a disposable blanket. In 
recent years, underbody blanket have been available in 
the operating room. Underbody blanket can be placed 
on the surgical table prior to positioning the patient, 
making it possible to warm the patient immediately. 
It is difficult to use overbody blanket during thoracic 
surgery or surgery performed in positions with the 
upper limbs fixed to the side. Underbody blanket can 
be used in these situations.

Heating by underbody blanket is restricted to the 
side of the body because there is no heating in the areas 
compressed by the body. However, few studies have 
targeted the warming effect of underbody blanket.

In the current study, we compared the differences 
of heating effects between underbody blanket and 
overbody blanket in living kidney donors.

Methods

Subjects and Group Assignment

This study was approved by the Ethical Committee 
for Clinical Studies of the Kyushu University School 
of Medicine. One hundred consecutive donors who 
underwent laparoscopic nephrectomy for kidney 
transplantation by a single surgical team at Kyushu 
University Hospital from January 2014 to December 
2015 were identified using hospital records. All 
surgeries were performed in the renal position. We 
divided the patients into two groups according to the 
choice of disposable blankets of forced-air warmer: 
underbody blanket group and overbody blanket group.

Induction and Maintenance of Anesthesia

All patients underwent general anesthesia. 

Anesthetic, hemodynamic, and fluid management were 
at the discretion of the attending anesthesiologists. 
The patients were not premedicated prior to surgery. 
After the patient’s arrival to the operating room, the 
lungs were preoxygenated with 100% oxygen via a 
facemask. The patients then received 50 to 100 µg of 
intravenous fentanyl prior to induction, followed by 1 
to 2 mg/kg of propofol and 0.6 mg/kg of rocuronium 
for induction. Anesthesia was maintained with 
isoflurane or desflurane. Remifentanil and fentanyl 
were administered intravenously for analgesia. 
Rocuronium was administered as a muscle relaxant. 
Before the end of surgery, following a loading dose 
of fentanyl, intravenous patient-controlled analgesia 
was carried out with an infusion pump programmed to 
deliver a 20 to 30 µg bolus of fentanyl, and continuous 
infusion of fentanyl at a rate of 20 to 30 µg/h.

Temperature Management

All patients received intravenous fluids via a 
HOTLINE® fluid warmer. A forced-air warming 
system was routinely used for all patients during these 
procedures to prevent hypothermia. Temperature 
management, including the choice of disposable 
blanket type (3M Bair Hugger® underbody blanket 
Model 585 or overbody blanket Model 522), was 
at the discretion of the attending anesthesiologist. 
The overbody blanket covers the upper torso, arms, 
neck and head of the patient. On the other hand, the 
underbody blanket is put under patients and covers the 
whole torso, hip, neck and head but does not cover the 
arms. The environmental temperature in the operating 
room was set at 18°C until the end of surgery. This 
extraordinary cold temperature is routine during donor 
nephrectomy in our hospital because graft trimming 
is performed in the same operating room. After 
intubation, a temperature probe (Smiths Medical, 
London, UK) was inserted into the distal esophagus 
to measure the core body temperature. Body warming 
was subsequently started by the forced-air warmer.

Measurements

Our primary outcome was intraoperative core 
temperature. The temperature was continuously 
displayed and stored in the patient’s anesthesia records. 
These temperature data were collected every minute 
and downloaded by digital file. Secondary outcome 
was intraoperative blood loss, transfusion, the time 
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from the end of surgery to extubation, shivering and 
postoperative surgical site infection. These data were 
obtained from anesthesia records or hospital records.

Statistical Analysis

Normality of the data was assessed by the Shapiro-
Wilk test. A t-test or Mann-Whitney U test was used 
to compare between the two groups if appropriate. 
Chi-square test was used to examine the association 
between two categorical variables. All analyses were 
performed using JMP Pro (ver. 11) software (SAS 
Institute Inc., Cary, NC, USA). A P value of <0.05 was 
considered statistically significant. Data are presented 
as mean ± SD in Tables and presented as mean ± SEM 
in Figures.

Results
There were no differences in demographics 

and perioperative variables between underbody 
blanket and overbody blanket group (Table 1). The 
preoperative, post-induction, and lowest intraoperative 
temperatures were similar between the two groups 
(Table 2). Likewise, the incidence of mild hypothermia 
(34°C-36°C) at any point during the operation was 
similar between the underbody and overbody blanket 
groups (13.9% and 9.4%, respectively). However, the 
temperature at the end of surgery was significantly 
higher in the underbody blanket than overbody blanket 
group (Figure 1).The core temperature decreased 
similarly for 30 minutes in both groups. Subsequently, 
the core temperature was significantly higher in the 
underbody blanket group than overbody blanket 
group (Figure 2). Furthermore, there was a significant 
gender related difference in core temperature (Figure 
3); women tended to have lower core temperatures 
than men in each blanket group. The operation time 
was similar between the two groups, but the time 
from the end of surgery to extubation was shorter in 
the underbody than overbody blanket group (Table 2). 
Intraoperative blood loss was similar between the two 
groups, and no patients required a blood transfusion. 
No surgical site infections occurred. Postanesthesia 
shivering was slightly more frequent in the overbody 
than underbody blanket group, but the difference did 
not reach statistical significance.

Fig� 1 
Mean core temperature (postinduction, lowest intraoperative, 

at the end of surgery)� * P <0�01

Fig� 2 
Time course of the core temperature� * P < 0�05, ** P < 0�01

Table 1 
Demographics of the Overbody Blanket and Underbody 

Blanket Groups
Overbody

(n=65)
Underbody

(n=42)
Age (yrs)
Height (cm)
Weight (kg)
BMI (kg/m2)
Gender, n (%)
    Female
    Male
ASAPS, n (%)
    Class 1
    Class 2

56 ± 11
160 ± 9

59.5 ± 11.6
23.2 ± 3.4

38 (58%)
27 (42%)

28 (43%)
37 (57%)

55 ± 11
160 ± 9

59.6 ± 12.2
22.9 ± 3.4

23 (55%)
19 (45%)

20 (48%)
22 (52%)

ASAPS: The American Society of Anesthesiologists Physical 
Status
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Fig� 3 
Comparison of the intraoperative core temperatures between 

men and women� 
* P<0�05, ** P<0�01 vs overbody-women� † P<0�05 vs� 

underbody-women

of the patient. On the other hand, underbody blanket 
covered the entire upper body. Thus, heating area by 
underbody blankets is larger than overbody blanket. 
Other possible mechanism to explain our results is 
the position of the patients. Convective heating area 
is larger in the side-lying position than in the supine 
position because there is no heating in the areas 
compressed by the body. 

We also showed a significant gender related 
difference in core temperature. A previous study 
indicated that women have lower thermal conductivity 
than men because of the greater thickness of the 
subcutaneous tissues in women11. We speculate that the 
warming effect is greater in male than female patients 
because of higher thermal conductivity in men.

Morris and Wilkey showed a strong relationship 
between ambient operating room temperature and 
patient core temperature12. The ambient operating room 
temperature was adjusted to 18°C in all of the patients 
in this study, suggesting that room temperature did not 
affect the difference in body temperature between the 
two groups. 

The association of hypothermia with greater 
intraoperative blood loss and a higher rate of surgical 
site infection are now widely accepted. However, 
there were few differences in blood loss, infection, or 
hospital stays between the two groups in the current 
study, possibly because living kidney donors generally 
had fewer preoperative complications with a low risk 
for bleeding and infection.

The main adverse effect associated with forced-
air warming devices is thermal burn injury13,14. In this 
study, forced-air warming units were always used with 
new blanket in accordance with the manufacturer’s 
instructions, and all patients were protected from 
thermal injury. Further studies are needed to evaluate 
complications of underbody blanket.

Some limitations exist in this study. First, the 
exact time at which each warming device was turned on 
was unknown in 30% of patients. However, we believe 
that the start time of heating did not significantly 
affect the results of this study because the warming 
duration did not differ in the remaining 70% of patients 
(data not shown), and the lowest intraoperative core 
temperature was similar between the two groups. 
Second, the patients’ hands were covered with blanket 

Table 2 
Comparison of the Temperature data and Secondary outcomes
 Overbody

(n=65)
Underbody

(n=42)
Surgical time (min)
Anesthesia time (min)
Time to extubation (min)
Estimated blood loss (g)
Perioperative transfusion 
(%)
Urine volume (ml)
Body temperature (°C)
    Preoperative
    After induction
    Minimum
    End of surgery
Shivering (%)
Length of stay (d)

177±47
231±53
29±22

190±158
0

489±383

36.3±0.4
36.7±0.4
36.4±0.4
36.7±0.5

15
6±1

184±40
224±43
16±7*

222±231
0

311±199

36.2±0.3
36.6±0.5
36.4±0.5

37.3±0.6**
5

7±2

* P < 0.05
** P < 0.01

Discussion

In the current study, we showed that underbody 
blanket were more effective in raising the core body 
temperature than overbody blanket during laparoscopic 
donor nephrectomy. One of the most important 
determinants of heat transfer with any surface warming 
system is the amount of surface covered. In a study 
using a manikin, forced-air warming systems using 
blanket with larger warming areas were more effective 
than smaller blanket10. Overbody blanket used in this 
study covered the upper torso, arms, neck and head 
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in the overbody blanket group whereas the hands were 
exposed to room temperature in the underbody blanket 
group. We did not evaluate the peripheral temperature 
in this study because it is not possible to simply 
compare the peripheral temperature. Finally, we 
investigated the heating effect of underbody blanket 
only in the renal position. Further studies are needed 

to evaluate it in the supine position because the area 
compressed by patients’ body is large in this position.

In conclusion, we demonstrated that the 
underbody blanket is superior to the overbody blanket 
in raising the core temperature during laparoscopic 
donor nephrectomy, especially in male patients. 
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 POSITIONAL AND SPINAL ANESTHESIA INDUCED CHANGES
 IN FEMORAL VEIN BLOOD FLOW IN TERM PARTURIENTS

UNDERGOING CESAREAN SECTION

A. R. mOORE1, v. kOEvA1, W. LI PI ShAN1, A. EL-BAhRAWy1, 
R. hATZAkORZIAN1, T. SChRICkER2 ANd m. CORRIvEAu1**

Abstract

Background: The relationship of lower limb venous response to positional changes, spinal 
anesthesia, and cesarean delivery hypotension is unknown in the parturient.

Methods: Femoral vein Doppler ultrasound characteristics were obtained from term 
parturients in the supine, wedged, lateral, and post-spinal anesthesia wedged positions. The 
percentage of the lateral position venous flow found in the wedged position was compared with 
intraoperative phenylephrine usage using Pearson correlations.

Results: Thirty nine patients were studied. Mean (95% confidence interval(CI)) blood flow 
and maximum velocity was 77% (69,85), and 74% (65,82) of the lateral measurement in the wedged 
position. Blood flow and velocity post-spinal was increased (95% CI) by 62% (36,88; p <0.001), 
and 58% (36,80; p <0.001) from the pre-spinal wedged values. The correlation coefficient (95% 
CI) of the percentage of optimal flow in the pre-spinal wedged position with the phenylephrine 
requirements was r = -0.417 (-0.648,-0.188; p = 0.008).

Conclusions: Compared to the lateral position, there is lower femoral vein blood flow and 
velocity when the term parturient is in the wedged and supine positions. Spinal anesthesia increases 
femoral vein blood flow and velocity in the parturient. The percentage of the optimal lateral flow 
in the pre-spinal wedged position weakly correlates with phenylephrine usage during Cesarean 
delivery.

Keywords: Cesarean section, ultrasound, pregnancy

Introduction

Hypotension during spinal anesthesia is more common in pregnant patients1. Although it 
is known that the intrathecal administration of local anesthetic increases venous blood flow in 
the lower body in non-obstetric patients2,3, the lower limb venous blood flow response to spinal 
anesthesia has never been studied in the parturient. The effect of spinal anesthesia on lower limb 
venous blood flow may differ in the obstetric population because the gravid uterus obstructs the 
inferior vena cava4, which may attenuate any spinal induced changes. Two dimension ultrasound 
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imaging can be used to measure static dimensions 
of the femoral vein, including its diameter and cross 
sectional area. Abdominal obstruction of the vena cava 
manifests as decreased femoral vein blood flow and 
velocity and increased cross sectional area5-7. These 
indicators of obstruction are present in the supine term 
parturient but can be relieved by assuming the left 
lateral decubitus position8. Quantifying the degree of 
supine venous obstruction in the parturient by using 
Doppler ultrasound could perhaps help predict the 
extent of hypotension after spinal anesthesia.

We undertook this Doppler ultrasound study 
to characterize the positional and spinal anesthesia 
induced changes in femoral vein blood flow in the 
term parturient and to determine their relation to 
Cesarean delivery hypotension. Since the gravid uterus 
may compress the vena cava and obstruct lower limb 
venous flow, we hypothesized that: 1) as compared to 
the lateral position there would be a decreased femoral 
blood flow and velocity in the supine and pre-spinal 
wedged parturient, 2) there would be an attenuated 
increase in femoral vein flow after spinal anesthesia 
and 3) the difference in femoral blood flow between 
the pre-spinal wedged and lateral parturient would 
correlate with the amount of phenylephrine used to 
treat hypotension during Cesarean delivery.

Materials and Methods

This study was approved by the McGill University 
Health Centre Research Ethics Office, and written 
informed consent was obtained from all patients. 
Term parturients scheduled for elective Cesarean 
delivery under spinal anesthesia were eligible for 
the study. Patients with evidence of hypertension or 
cardiovascular disease, fetal or placental abnormalities, 
an American Society of Anesthesiologists score greater 
than 2, or a body mass index of greater than 40 kg/m2 
were excluded from the study.

Ultrasound examination was performed at four 
different assessment points: 1)in the supine position 
(supine), 2) with a foam wedge (60 × 30 × 10 cm = 
measured angle of 18 degrees) placed under the right 
hip (pre-spinal wedged), 3) in the left lateral decubitus 
position (lateral), and 4) post spinal anesthesia with the 
wedge again under the right hip (post-spinal wedged). 

One author (AE) was responsible for performing the 
examinations, with the assistance of one of two other 
authors (AM or VK). Ultrasound examinations were 
performed during the hour before the start of surgery. 
Patients remained in position for at least 2 min before 
measurement of flow characteristics were recorded. 
All the ultrasound images were obtained with the 
same Logiq-e ultrasound machine (GE Healthcare, 
Wauwatosa, WI, USA) using a 5-15 MHZ linear 
array transducer. All gain and contrast settings were 
set at the start of the exam, and then held constant. 
A 2-dimensional image of a regular segment of the 
right common femoral vein was identified in the 
transverse plane below the inguinal ligament. The 
ultrasound probe was then turned and a longitudinal, 
non-tortuous segment of the femoral vein anatomically 
proximal to the saphenous vein was identified. Using 
the 2 dimensional longitudinal image, the pulsed wave 
Doppler gate was positioned parallel to blood flow. The 
angle of interrogation was maintained at 60°, and the 
sample volume of the gate was extended to encompass 
the entire width of the femoral vein. During 30-45 s of 
quiet respiration the changes in velocity of the blood 
within the Doppler gate was recorded, from which a 
manual trace of the velocity waveform was obtained. 
The maximum blood velocity was measured, and the 
internal software was used to obtain the femoral vein 
blood flow.

Patient characteristics, including height, 
weight, and age, were noted. All patients received 
a standardized anesthetic, administered by an 
anesthesiologist who was unaware of the results of the 
ultrasound exam. Patients were allowed oral intake 
of clear fluid until 3h before the surgery, after which 
they were left nil per os. Preoperative intravenous 
access was obtained less than 1h before surgery, and 
fluids were administered at 80 ml/hr1 to keep the vein 
patent. Spinal anesthesia was induced in the sitting 
position with an intrathecal injection of 2 ml of 0.75% 
hyperbaric bupivacaine and 150 µg of preservative 
free morphine in the L4-5 or L3-4 vertebral interspace 
using a 27 gauge Whitacre needle. Patients were then 
immediately placed supine, had the wedge placed 
under the right hip, and 10 ml/kg1 of crystalloid was 
administered. Blood pressure was measured every 
minute with a non-invasive cuff placed on the same 
arm used to measure the preoperative blood pressure. 



M.E.J. ANESTH 24 (1), 2017

51FEMORAL VEIN ULTRASOUND AND CESAREAN DELIVERY

An intravenous bolus of 100 µg of phenylephrine 
was administered if any systolic blood pressure 
measurement was less than 80% of the single baseline 
pressure that had been obtained in the semi-recumbent 
position preoperatively, or if the patient exhibited any 
nausea, vomiting, or feelings of faintness or dizziness 
that could signify hypotension. The total amount of 
phenylephrine utilized was recorded, together with the 
time from spinal initiation to delivery of the neonate. 
Time adjusted phenylephrine requirements were 
calculated by dividing total pre-delivery dosage of 
phenylephrine by the time between spinal completion 
and neonatal delivery.

A linear repeated measures model was used to 
test the significance of changes in ultrasound measures 
over each assessment point. To describe the amount 
of obstruction present in the pre-spinal and post-
spinal wedged position, femoral vein blood flow was 
expressed as the percentage of the lateral position 
(optimal) measurement. Pearson correlations were 

used to quantify femoral vein blood flows with the time 
adjusted phenylephrine requirements. To demonstrate 
a correlation of greater than 0.5, with an alpha of 
0.05 and a power of 0.8, we calculated that we would 
require 30 patients. To allow for protocol violations 
and patient dropout we recruited 40 patients. We used 
SPSS statistics version 19 (SPSS inc., Chicago, IL) 
and StatsDirect 2.7.8 (StatsDirect Ltd. Altrincham, 
UK) for the statistical analysis. The level of statistical 

Table 1 
Summary of the characteristics of parturients who underwent 
femoral vein ultrasound Doppler examination� Data presented 
as mean [range], mean (standard deviation), median ([range]) 

or number [percent]

Patient Characteristic

Age (yrs) 33 ± (4)
Height (cm) 163 ± 6
Weight (kg) 80 ± 11
Days Gestation 272 ± 6
Number of Nulliparous Patients 10 [26%]
Baseline Systolic Blood pressure (mm 
Hg)

120 ± 12

Baseline Diastolic Blood Pressure (mm 
Hg)

74 ± 8

Baseline Heart Rate (beats per minute) 82 ± 11
Number of Patients Who Required 
Phenylephrine

37 ± [95%]

Number of Phenylephrine Doses 4.7 ± (2.6) [0,11]
Number of Patients Who Required >1 
Phenylephrine Bolus

35 [90%]

Total Phenylephrine Dosage (µg) 485 ± 259
Time Adjusted Phenylephrine Dosage 
(µg.min-1)

23 ± 12

Minutes Between Spinal and Delivery 21 ± 5

Fig� 1 
Mean (95% confidence interval) femoral vein blood flow, 
maximum velocity and cross section of parturients in the 

supine, wedged, left lateral decubitus, and post spinal wedged 
position. Significant differences over the measurement points 
were found for blood flow (p<0.001) and maximum velocity 

(p<0�001), but not for cross section area (p = 0�18)
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significance was considered at p <0.05 level.

Results

We approached 53 patients, of which 40 agreed 
to participate. One patient chose to withdraw from the 
study before completion of the ultrasound assessment, 
and was not included in the analysis. The demographic 
characteristics of all patients are presented in Table 
1. The supine and pre-spinal wedged positions 
demonstrated lower blood flow compared to the 
lateral position. (Fig. 1) Spinal anesthesia induced 
significant increases in femoral vein blood flow and 
blood velocity, but not cross section areas in the 
parturients. (Fig. 1) The femoral vein blood flow in 
the post-spinal-wedged position was increased (95% 
confidence interval) by 62% (36 to 88; p <0.001) from 
the pre-spinal wedged value. To quantify the degree of 
flow obstruction, the flows measured in the pre-spinal 
and post-spinal wedged position were calculated as the 
percentage of the optimal flow measured in the lateral 
position. Mean (95% confidence interval) blood flow 
was 77% (69 to 85) of the lateral (optimal) flow in the 
preoperative wedged position, and 133% (110 to 156) 
in the post-spinal anesthesia position. The percentage 
of the optimal flow in the pre-spinal wedged and post-
spinal wedged position was found to be negatively 

correlated with the amount of phenylephrine per minute 
used during Cesarean delivery, with coefficients (95% 
confidence intervals) of r = -0.417 (-0.648 to -0.188; 
p = 0.008) and r = -0.347 (-0.597 to -0.036; p = 0.03) 
(Fig. 2).

Discussion

Using Doppler ultrasound we found that term 
parturients have lower femoral vein blood flow and 
velocity in the supine position and pre-spinal wedged 
position than in the lateral position. We also found that 
femoral vein blood flow and velocity in the post-spinal 
wedged position is higher than in all of the preoperative 
positions. In addition we found that the percentage of 
optimum (lateral) blood flow measured in the pre-spinal 
wedged position weakly correlates with the amount of 
phenylephrine used during Cesarean delivery. 

Throughout gestation ultrasound examination 
demonstrates a progressive increase in femoral vein 
diameter and decrease in femoral blood flow and 
velocity, thought to be due to the effect of the gravid 
uterus9. Maternal position attenuates these changes. 
Increased blood flow velocity and decreased femoral 
vein diameter has been reported when comparing 
the lateral to supine position in the term parturient, 
attributed to relief of vena cava obstruction8,10. Based on 

Fig� 2 
The femoral vein blood flow in the pre-spinal wedged and post-spinal wedged positions were expressed as the percentage of the 
lateral position (optimal) value. The correlation coefficients (95% confidence interval) of these measures with the phenylephrine 
requirements for Cesarean delivery hypotension were a) r = -0�417 (-0�648 to -0�188; p = 0�008), and b) r = -0�347 (-0�597 to 

-0�036; p = 0�03)
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this earlier work, it is not surprising that we also noted 
increased femoral vein blood flow and velocity in the 
lateral position, and a non-significant trend to smaller 
femoral vein diameter. These positional changes 
have been previously documented in angiographic 
and magnetic resonance imaging studies of the term 
parturient11-13.

We demonstrated a 62% increase in femoral 
vein blood flow when comparing the pre-spinal 
wedged position to the post-spinal wedged position. 
An increase in lower limb blood flow after spinal 
anesthesia has been demonstrated in other patient 
populations. However, the increase is usually much 
greater, in the range of 140-150%2,3. The difference 
between our results and those of studies non-pregnant 
patients could be related to differences in the pregnant 
patient. We believe that it most likely is due to the 
attenuating influence of the gravid uterus, which 
partially blocks inferior vena cava flow and forces 
reliance on collateral venous circulation.

We demonstrated a negative correlation of the 
percentage of optimal blood flow found in the pre-spinal 
wedged position with the amount of phenylephrine 
used during Cesarean delivery. This means that patients 
with a greater difference between the pre-spinal 
wedged position and lateral position (optimal) femoral 
blood flow received more phenylephrine during their 
Cesarean delivery. As stated above, it is reasonable 
to assume that the difference in blood flow between 
the pre-spinal wedged and lateral positions probably 
reflects the degree of compression of the vena cava by 
the gravid uterus. This correlation provides evidence 
that the degree of vena cava flow obstruction may 
contribute to spinal anesthesia induced hypotension. 
However, spinal anesthesia induced hypotension 
is multifactorial in the parturient14. The correlation 
coefficients of the femoral vein measurements and the 
phenylephrine requirements are small, which probably 
reflect this multifactorial nature.

We provided patients with a crystalloid co-load 
after initiation of spinal anesthesia, reflecting our usual 
practice. The use of fluid to prevent and treat cesarean 
delivery hypotension has been studied extensively, 
although it is not clear how effective fluid loading is 
for this goal15. Since all patients received similar fluid 
management, we believe that the co-loading should 

not have affecting the differences we saw between 
patients.

Many methods to predict parturients at high 
risk of spinal anesthesia induced hypotension have 
been recently investigated16-18. A prediction tool for 
hypotension during Cesarean delivery would be 
useful, as it could be used to focus resources on the 
patients who are at higher risk. Our usual methods of 
hypotension treatment and avoidance are positioning, 
fluid and vasopressor therapy. These all have 
consequences, although usually minor, on the mother 
and the fetus. If we were able to predict hypotension, 
we could target these therapies to reduce the amount 
of hypotension in those at risk, and reduce the 
treatment side effects in those at low risk. This study 
provides evidence that femoral vein ultrasound could 
be further investigated as a method to predict spinal 
anesthesia induced hypotension in the parturient. 
The use of femoral ultrasound may also have a role 
in assessment of new techniques for hypotension 
avoidance or treatment. For example, the use of 
femoral ultrasound may help to measure and or predict 
the effect of fluid therapy in this population. Kundra 
et al have shown that different positioning techniques 
produces favorable femoral vein ultrasound measured 
characteristics in the parturient10. Although they did 
not present intraoperative data, our results suggest that 
the techniques that result in favorable femoral vein 
characteristics will result in less phenylephrine usage 
during Cesarean delivery, and therefore further study 
of this positioning technique could be warranted.

This study has limitations. We studied term 
parturients with a BMI less than 40. We do not know 
if our results apply to a more obese patient population. 
Due to the pregnant abdomen interfering with the 
performance of femoral ultrasound Doppler of the left 
femoral vein while in the left lateral decubitus position, 
we measured only the right femoral vein. Hence, we 
cannot comment on left femoral vein characteristics. 
We used phenylephrine requirements as a measure of 
hypotension severity, which may not take into account 
the patient’s sensitivity to vasopressor19. We did not 
measure the angle at which patients were wedged, 
and don’t know if the patient was at the same angle 
in the pre-spinal and post-spinal wedged positions. 
However, we applied the same wedge, placing it in the 
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same fashion at both measurement points. In addition, 
it is unclear if a wedge will consistently relieve caval 
compression4,20. Patients received phenylephrine if 
hypotensive during the post-spinal wedged ultrasound 
examination, and we do not know how this affected 
the results at this assessment point. For simplicity we 
chose to study only the femoral vein, and therefore 
cannot comment on how position related arterial blood 
flow changes affect cesarean delivery hypotension. 
Ultrasound studies rely on subjective parameters. In 
vitro and in vivo coefficients of variation between 
6% and 10% have been reported for lower limb 
ultrasound blood flow measurements21,22. To lessen this 
variability, we standardized the angles at which flow 
was measured, and quantified flow across the whole 
width of the femoral vein.

In conclusion, using femoral vein Doppler 
ultrasound in term parturients, we report decreased 
venous blood flow and velocity in the supine position 

and the pre-spinal wedged position, as compared to the 
lateral position. This could represent inferior vena cava 
obstruction by the gravid uterus. In addition, we found 
increased femoral vein blood flow and velocity in the 
post-spinal wedged position, which could represent 
the effect of spinal anesthesia. This increase seems to 
be less than that found in other patient populations. 
Finally, we found the difference in blood flow between 
the pre-spinal wedged position and the lateral position 
correlates with phenylephrine use during Cesarean 
delivery, which suggests femoral ultrasound might be 
useful for predicting hypotension in the parturient after 
spinal anesthesia.
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Abstract

Background: Rapid sequence inductions are generally indicated for patients at increased 
risk of regurgitation. However, this approach has been questioned and is applied heterogeneously 
in several European countries. The objective of this investigation was to determine how RSI is 
interpreted and practiced in France.

Method: A questionnaire was given to anesthetists and anesthesia residents at hospitals in 
Toulouse, Bordeaux, Orléans, Nantes, Fort-de-France and Perpignan. Information was collected 
about: indications for RSI, preoxygenation, aspiration prophylaxis such as antacid use, application 
of cricoid pressure, patient positioning, types of medications used, complications, modifications in 
protocol for patients with coronary artery disease and finally the use of sugammadex if available.

Results: 255 anesthetists (86 residents and 169 attending physician) completed the 
questionnaire (rate of response 86%). Some practices are almost universally followed such as RSI 
for emergency intubation and in obstetrical patients, pre-oxygenation and the use of succinylcholine. 
However others are inconsistently applied such as the use of antacids (never given by 49%) or the 
application of cricoid pressure (used in cases of difficult intubation by only 30%).

Conclusion: This study shows a heterogeneous practice of RSI among anesthetists based 
on their experience, but also on patient factors. Professional societies should urgently create 
recommendations for RSI.

Keywords: rapid sequence induction, crash induction, intubation, survey practice, 
sugammadex, aspiration of gastric contents.
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Introduction

Between 1990 and 2007, 17% of legal claims 
were related to respiratory complications, and 3% of 
the total claims were specifically due to aspiration, as 
reported found in the ASA Closed Claims Database1. 
In France, aspiration of gastric contents is responsible 
for 20% of mortality totally or partially due to 
anesthesia with an incidence ranging between 1 and 
5/10 0002. The majority of these events are considered 
preventable by using a rapid sequence induction (RSI)3-

5. However RSI has been used only in 38% of patients 
who died of Mendelson’s syndrome in France6. The 
classic RSI protocol consists of a pre-oxygenation, 
induction with a fast-acting hypnotic, cricoid pressure, 
injection of fast acting muscle relaxant, and finally 
orotracheal intubation - all within one minute - by 
direct laryngoscopy without prior positive pressure 
ventilation. However the exact indications for RSI, 
the choice of the medications, their dose as well 
as the sequence of all steps are up to the individual 
practitioner. Although it is recognized that the risk of 
aspiration is increased in case of emergency intubations 
and in patients with gastro-esophageal reflux6,7, the lack 
of accurate definitions for patients considered to have 
a “ full stomach “ can lead to diverse practices. While 
this was confirmed by several surveys in different 
European countries8-11, RSI in France has only been 
investigated in obstetrics12,13.

This study was therefore performed in order 
to evaluate how RSI is practiced among anesthetists 
working in France.

Materials and Methods

The questionnaire consisted of 65 questions 
exclusively on RSI (time required to fill out the 
survey: about 10 minutes). The questions focused 
on the practice setting, indications for RSI, antacid 
prophylaxis, pre-oxygenation, medications used, 
cricoid pressure, intubation, complications, changes 
in protocol for patients with coronary artery disease 
and the availability of sugammadex. The questions 
concerned only anesthesia in the OR including 
obstetrics and excluded the emergency department 
and prehospital care. A working group constructed the 
questionnaire after a review of the literature8,10,12. This 
group tested and edited the questions,

The questionnaire was distributed between June 
and December 2010 by mail or hand delivered to 
anesthetists in Toulouse, Bordeaux, Orleans, Nantes, 
Fort-de-France, and Perpignan. A reminder was 
sent three weeks after the initial mailing to all non-
responders.

Statistical Analysis

Data were entered in Excel ® and statistics were 
performed using the Statview ® software, using the Chi 
squared test for categorical variables and Student-t test 
for continuous variables. A p < 0.05 was considered 
significant.

Table 1 
Number of persons required for RSI

Total 
(n=255)

Residents 
(n=86)

Staff Anesthetists 
(n=169)

p-value

Work in obstetrics 111 (44%) 60 (70%) 51 (30%) 0.01

Number of persons required for RSI 0.01

Always one person 7 (3%) 1 (1%) 6 (3%)

Always two persons or more 201 (79%) 77 (90%) 124 (73%)

One persons (if two not available 46 (18%) 8 (9%) 38 (22%)
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Results

Two hundred fifty-five practitioners responded 
to the questionnaire (169 staff anesthetists and 86 
anesthesia residents). The response rate was 86% 
(90% for residents and 81% for staff anesthetists). The 
majority practice in a University Hospital and half work 
in obstetrics (Table 1). Up to 22% of staff anesthetists 
reported to perform a RSI by themselves, significantly 
more frequently than the resident (Table 1). The use of 
a RSI depended on whether a caesarean section was 
urgent or scheduled and the level of experience of the 
practitioner (Table 2). Up to 17% of anesthesia residents 
practicing obstetrics do not necessarily perform an RSI 
for a scheduled cesarean section versus only 5% of 
staff. For emergency abdominal surgeries, 32% of staff 
anesthetists and 21% of residents do not perform a RSI 
if the patient has been fasting > 6 hours while almost 
all use it if the patient has been NPO for less than 6 
hours. In trauma cases where the patient has been NPO 
for < 6 hours RSI is not always practiced regardless of 
the experience of the respondent (Table 2). In patients 
with gastro-esophageal reflux, RSI is not routinely 
used in the majority of cases. Verifying the availability 
of functional suction and the use of pre-oxygenation 
are uniformly practiced, but a timer is not routinely 
used and neither are use of antacids and changing 
the positioning of the patient (Table 3). Propofol is 
used more often than thiopental for RSI (Table 4) and 
etomidate is used occasionally (slightly more often 
than ketamine). Thirteen % of participants reported 
injecting midazolam during a RSI. Succinylcholine 
remains the most widely used muscle relaxant followed 
by rocuronium (Table 5). The injection of muscle 
relaxant before the loss of consciousness is done by 
approximately 20% of surveyed practitioners (Table 5) 
and the use of opioids during RSI is frequent (Table 6).

Twelve percent of staff anesthetists are not 
applying cricoid pressure (vs. 1% of the residents, p 
= 0.006, Table 7). Half of the participants indicated 
that they have experienced a complication such as an 
aspiration or a difficult intubation (Table 8). The RSI 
protocol is often modified in patients with coronary 
artery disease, or in case of availability of sugammadex 
(Table 9).

Discussion

In our study, we investigated the use of RSI 
in 6 different medical centers in France. Although 
RSI is generally indicated for certain situations (i.e. 
caesarean section, emergency abdominal or trauma 
surgery, for a patient who is not NPO > 6 hours), our 
results show that physicians do not always follow 
those standard RSI procedures. Our results are 
consistent with previously reported surveys results 
from other European countries9,10. In patients with 
gastro-esophageal reflux, our survey showed a high 
variability in the use of RSI among physicians. Sakai et 
al. observed 11 regurgitations and 3 cases of vomiting 
when they investigated the incidence of aspiration, 
suggesting an important role of single reflux3. Kluger 
et al. showed that 5% of patients who aspirated had a 
history of reflux7.

At least two physicians are usually needed for 
a rapid sequence induction to be properly performed, 
however 21% of practitioners admitted to actually or 
potentially performing a RSI with only one person. As 
such, our results show that up to 12% of staff anesthetists 
(vs. 1% of residents, p = 0.006) do not always apply 
cricoid pressure. This is in contrast to previously 
published British studies who report unanimous use of 
cricoid pressure7,8. When cricoid pressure is applied, 
it is usually applied in the unconscious patient and 
with one hand and those results are in keeping with the 
results found in the UK8.

Thirty-eight percent of physicians apply 
cricoid pressure even in cases of anticipated difficult 
intubation and these findings are comparable to those 
found in the survey of practice in the United Kingdom9. 
These findings raise major questions because cricoid 
pressure is alleged to potentially further increase 
difficulty of visualizing structures during intubation14. 
In addition, RSI and its application are controversial 
since no studies have yet proven their effectiveness in 
preventing gastric aspiration15,16. Moreover, to this date, 
succinylcholine is the only muscle relaxant that meets 
the standards for RSI in terms of speed and reversibility 
and there are still questions about its safety due to its 
ability to cause serious side effects. With the arrival of 
the sugammadex, rocuronium could be considered as 
a potential alternative to succinylcholine17 and it has 
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to be acknowledged that most studies on RSI have 
been performed before the arrival of sugammadex. 
Nonetheless, rocuronium is a potential alternative to 
succinylcholine in case of hyperkalemia or allergy17-19. 
The rapid reversal of rocuronium by sugammadex in 
unpredicted difficult intubation patients could lead 
to an increase in the use of rocuronium for RSI and 
younger anesthesia practitioners (residents) would 
indeed use rocuronium more than staff.

An agent with short period of action is selected 
in most cases. In this survey, propofol was shown to 
be the most used hypnotic for RSI in France unlike 
other European countries8. Staff anesthetists prefer 
thiopental and resident prefer less cardio-depressant 
drugs (such as etomidate or ketamine) probably due 
to their experience with theses medications in the 
ICU and pre-hospital care although the questionnaire 
focused on RSI in the operating room. Of particular 
concerns is the practice to slowly titrate hypnotics 
until unconsciousness, which is clearly contrary to the 
concept of ‘rapid’ sequence.

The use of an opioid during an RSI still remains 
a controversy. On one hand, opioids can limit the 
hemodynamic response to tracheal intubation (a benefit 
for many patients with coronary or hypertension). On 
the other hand, opioids are recognized as a risk factor 
for aspiration6 and even the single dose of morphine 
can lead to transient lower esophageal sphincter 
relaxations20. According to our survey, nearly half of 
staff anesthetists and more than one third of anesthesia 

residents use opioids before intubation, mainly before 
the use of any hypnotic agent. When opioids are used 
before intubation, it may be preferable to choose 
agent with rapid onset. However, the most commonly 
used opioid in our study was sufentanil, far ahead of 
remifentanil or alfentanil. Similarly, in the survey 
conducted in the UK, 76% of physicians opted for 
agents with slower onset, such as fentanyl8.

Interestingly, one third of the anesthesia residents 
and one half of anesthesia staffs have experienced 
aspiration of gastric contents during RSI, resulting in 
hypoxia and even death. This suggests that aspiration, 
while not common, is not a rare as commonly depicted. 
Similarly one third of the participants (staff and 
residents) had already experienced a failed intubation 
during a RSI and 7% of those had witnessed a patient 
death as a result. 

This study has some limitations. First it was 
distributed to a limited number of centers (and 
only in public institutions) potentially limiting the 
generalizability of our findings. While the choice 
to survey only public hospitals was made to have 
practitioners with varied activity who could answer all 
questions, it may have introduced a bias. 

In summary, our multicenter survey shows 
a heterogeneous practice of RSI among different 
practitioners. Professional societies should urgently 
create recommendations for rapid sequence induction.
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TARGETED TEMPERATURE MANAGEMENT 
TECHNIQUES AND OUTCOME

WASEEm S. ALFAhEL1 ANd ALIA S. dABBOuS2**

Abstract

Despite the recommendation by the American Heart Association (AHA 2015 guidelines), that 
targeted temperature management (TTM), with a temperature between 32°C and 36°C selected and 
achieved, then maintained constantly for at least 24 hours; on out of hospital cardiac arrest patients 
who remain comatose with return of spontaneous circulation; its clinical application remains low.

This review discusses the historical background in medical practice, the controversies 
regarding: the timing of the hypothermia, the proper temperature that should be achieved, the 
techniques to achieve the desired temperature and, eligible patients.

The conclusion is that further studies need to be conducted to find conclusive evidence for 
these controversies and to standardize the manner of TTM administration in clinical practice.

Introduction

The reported number of out-of-hospital cardiac arrest (OHCA) is 40 000 and 420 000 victims 
for out-of-hospital cardiac arrest (OOHCA) by the Canadian1 and American2 medical services 
respectively. Over the past 2 decades, multiple measures were taken to improve the outcome of 
the OOHCA resuscitation. Indeed, the survival rate increased to 10% of the OOHCA victims in 
20143 compared to 5.7% in 20064 in the USA. Despite this improvement, the in-hospital mortality 
rate is still considered extremely high5. Moreover, the majority of patients who successfully return 
to spontaneous circulation remain comatose6 and sustain neurologic injury7 which, in turn, is 
considered the most common cause of death in these patients.

In 2002, the publication of two landmark studies8,9 encouraged the administration of 
therapeutic hypothermia (TH) to improve the survival rate and the neurological outcome in 
patients who successfully return to spontaneous circulation after OOHCA. In 2010, the American 
Heart Association (AHA) adapted the use of TH in the post cardiac arrest guidelines providing 
recommendations for the administration of induced hypothermia to a temperature of 32-36 °C for 
patients who remain comatose after restoration of spontaneous circulation (ROSC) post OOHCA 
resuscitation10. The utilization of the targeted temperature management (TTM) was further 
recommended by the Canadian Critical Care Society (CCCS) and the Canadian Neurocritical Care 
Society (CNCCS) in the Canadian guidelines for the use of TTM after cardiac arrest which was 
published in 201511.

Despite the strong recommendations, the administration of TH remains remarkably low12. 
The concept TH has become an issue of controversy13 especially after the publication of TTM 
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trial by Neilsen et al. in 201314. Since then, extensive 
research was conducted trying to find answers for 
multiple questions regarding eligible patients, timing 
of administration, targeted temperature and cooling 
techniques. In this article, we will discuss the evolution 
of TH in clinical practice, detail the most relevant 
evidence behind the protocols of TH administration 
and refer to some other scenarios in which the use of 
TH was described in the literature.

Historical background

The concept of TH was known in medical 
practice since the beginning of the last century. One of 
the earliest uses of TH was to obtain circulatory arrest 
in order to perform surgeries on the heart and the brain. 
In 1949, doctor Wilfred Gordon was the first world’s 
surgeon who used hypothermia to achieve circulatory 
arrest when he performed an experimental open heart 
surgery on a dog15,16. Three years later, Doctor Floyed 
John Lewis was the first to apply this concept on 
humans when he performed an ASD repair, cooling his 
patient to 28 degreesC to obtain circulatory arrest16. 
After the invention of the cardiopulmonary bypass, 
however, the use of hypothermic circulatory arrest in 
the surgical field was limited to neurosurgeries and 
surgeries that include the aortic arch.

Despite its limited surgical application, the role 
of hypothermia in brain protection was still an issue of 
interest and studies on animal models showed optimistic 
results. Zimmerman et al. demonstrated a significant 
reduction in mortality among rabbits with cerebral 
injury in which hypothermia was administered17. 
Similar results were noted on humans by Williams et 
al. who reported the use of TH on four human patients 
who exhibited severe neurological injury after cardiac 
arrest, three of whom had complete recovery and the 
fourth demonstrated moderately severe neurological 
damage18.

Although the results of these studies created 
a general enthusiasm towards the administration of 
hypothermia after cardiac arrest, complications like 
bleeding, arrhythmias and even sepsis were repeatedly 
reported and mainly correlated with lower temperature 
degrees especially that the adapted temperature was 28 
degrees C during that period. Therefore, the concept 

of TH was not widely accepted until the emergence 
of two “landmark studies” in the literature which 
demonstrated significant improvement with the use of 
hypothermia after cardiac arrest in terms of survival 
rate and neurologic outcome8,9.

Timing of TH initiation

The issue of timing is one of the very important 
questions that were raised early on by doctor Peter 
Safar when he referred to the two landmark studies 
in his editorial of NEJM in 200219. Since then, many 
researchers have been desperately trying to find clear 
evidence that answers this question. Whereas experts 
strongly believe in the advantage of early cooling, 
many studies showed lack of benefit form pre hospital 
administration of hypothermia20,21. An animal study 
conducted by Nozari et al. showed a significant benefit 
from hypothermia in dogs who were cooled early 
after cardiac arrest22. Abella et al. went further and 
administered the hypothermia even before starting 
the CPR on experimental mice and their results were 
similar. 7/9 dogs in the early cooling group compared 
to 1/8 in late cooling survived after 96 hours; and 
6/10 mice who were cooled just before CPR initiation 
compared to 1/10 of delayed cooling survived after 
72 hours according to the above mentioned studies 
respectively23.

These animal models developed more interest in 
the early cooling, and the pre hospital administration of 
hypothermia in OOHCA was more encouraged. Many 
human studies with regards to pre hospital cooling 
emerged in the literature afterwards. In 2012, Diao 
et al. conducted a systematic review in which they 
included 5 RCTs involving 633 to assess the benefit 
of pre hospital cooling. The results of their meta-
analysis showed significantly lower temperatures upon 
admission in patients who received pre hospital cooling 
compared to patients who received in hospital TH or 
normothermia. However, no significant difference 
in mortality or favorable neurological outcome was 
found20. Kim et al. conducted a large RCT in 2014 
and found similar results. According to this study, the 
incidence of pulmonary edema was higher in the pre 
hospital cooling group although the mortality was not 
significantly different21.



M.E.J. ANESTH 24 (1), 2017

65CRITICAL ILLNESS NEUROPRAxIA

It is worthy of notice, however, that most of 
the studies obtained pre hospital cooling by the 
administration of IV cold normal saline infusion. 
Castren et al. on the other hand, used the transnasal 
evaporative method for pre hospital cooling and 
compared it to standard TH administration upon 
hospital arrival. The survival rate was 44 % in the pre 
hospital cooling versus 31 % in the control and the 
favorable neurologic outcome was 34 % versus 21 % 
respectively. Although the study was not adequately 
powered to detect significant difference in the mortality 
or the favorable outcome, its findings suggest that the 
negative results obtained by the other studies, which 
used the rapid cold saline infusion, might be correlated 
to the cooling method itself rather than the timing of 
hypothermia administration24. Theoretically, most 
experts believe that per hospital cooling is useful. 
However, the ideal method to apply it is not known 
yet, and the evidence behind it is still lacking.

Proper Targeted Temperature

In the old days, the researchers used moderate 
degrees of hypothermia in their trials. Most of the 
recent guidelines that included the administration of 
hypothermia in the post CPR care, however, adapted 
mild degrees of hypothermia (32-34 oC)10. These 
recommendations were based on the results of the 
landmark studies published in 20028,9. Both of the 
landmark studies, however, were cited for control bias as 
the control groups were not maintained normothermic 
but rather developed hyperthermia by 12 hours after 
initial resuscitation25. This issue led other researchers 
to question the actual reason behind the improved 
outcomes of the hypothermic groups. Nielsen et al. 
conducted large RCT randomizing OOHCA victims 
to receive targeted temperature management (TTM) 
of 33 oC compared to 36 oC14. Fever control measures 
were utilized to maintained normothermia in both 
groups until 72 hours after the intervention period. The 
results did not show any significant difference between 
the two groups. This refers to the reason behind the 
improved outcomes of hypothermia groups being the 
hyperpyrexia control rather than the hypothermia itself. 
Cronberg et al. looked specifically at the difference in 
the neurologic outcomes of 939 unconscious adults 

after CA of presumed cardiac cause randomizing them 
to receive TTM of either 33 oC or 36 oC respectively26. 
Using the Mini-Mental State Examination (MMSE) 
and the Informant Questionnaire on Cognitive Decline 
in the Elderly (IQCODE), the cognitive function 
assessment was almost similar in both groups. This, to 
our view, confirms the lack of benefit of hypothermia 
in improving the neurological outcome of such 
patients should hyperpyrexia be avoided. As a matter 
of fact, the most recent AHA guidelines released in 
2015 recommends the administration of TTM for the 
comatose adults with ROSC following OOHCA to a 
certain degree of temperature that ranges between 
32 oC and 36 oC, as long as this targeted temperature 
is constantly maintained for at least 24 hours and 
hyperpyrexia is prevented afterwards27.

Cooling methods

There are several techniques by which 
hypothermia can be achieved in the eligible post CA 
victims.

Broadly speaking, these techniques can be 
divided into invasive and non-invasive, each of which 
has its pros and cons. The invasive techniques include 
mainly the endovascular cooling methods like the use 
of endovascular catheters, venovenous hemodialysis 
and extracorporeal membrane oxygenation device 
(ECMO). These methods are found to be more 
effective in achieving targeted temperature and 
avoiding temperature variations during hypothermia 
administration28. However, the prohibitive cost of 
these techniques is considered a significant limitation 
to their use especially in the peripheral healthcare 
centers.

Although less effective in strictly controlling the 
targeted temperature, the conventional non-invasive 
techniques, i.e. surface cooling, are simpler to use 
especially with the lack of necessity of sophisticated 
setup or thorough experience. Few studies compared 
the effectiveness of surface cooling to invasive 
endovascular methods. Deye et al. randomized 400 
patients to receive TTM to 33 oC either by endovascular 
femoral devices or by basic external cooling. The 
results of the study showed that the time to achieve a 
temperature of 33 oC as well as the ability to control 
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temperature degrees were better in the endovascular 
group. As for the favorable outcome, the survival rate 
was 41.9 % in the endovascular group compared to 
38.1 % in the external cooling group and 36 % of the 
patients had no major neurologic damage compared 
to 28.4 % after 28 days in the endovascular and the 
external cooling groups respectively. Accordingly, 
the authors concluded that despite the shorter time 
to achieve hypothermia and the ability to strictly 
control the targeted temperature throughout the whole 
phases of TTM, the endovascular technique was not 
superior to surface cooling in terms of the favorable 
outcome29. Although the patients were cooled to 33 oC 
in Deye’s study, neither one of the groups showed a 
better survival rate than the survival rates obtained by 
Nielson’s trial whether it’s the 33 oC or the 36 oC as 
shown in Figure 1.

Pregnancy

The evidence about the use of TTM in the 
pregnant victims is limited to case reports only. In 
2008, Rittenberger et al. were the first authors to 
report the use of hypothermia on a 35 year old female 
CA victim in her 13th week of gestation. The patient 
was discharged home at day 6 with mild neurologic 
deficit and the baby was delivered via cesarean 
section at 39 weeks uneventfully30. Two years later, 
Wielb et al. reported a case of a 20 week pregnant 
victim who received therapeutic hypothermia which 

successfully preserved her neurologic function but led 
to delivery of stillborn fetus on the first day of hospital 
admission31. Two other cases were reported afterwards 
by Chauhan et al.32 and De Santis et al.33 in which 
the administration of hypothermia during pregnancy 
prevented significant neurologic injury to the mothers 
and was associated with very good fetal outcome at 
the same time. Despite the fetal demise in the second 
case, it is clearly evident that the administration of 
hypothermia is helpful in minimizing the neurological 
consequences in pregnant CA victims as concluded 
from the case reports mentioned above.

According to the 2010 AHA guidelines, the 
administration of hypothermia after cardiac arrest 
to the eligible comatose pregnant patients should be 
considered on individual basis34.

Pediatrics

The practice of therapeutic hypothermia after 
cardiac arrest on pediatric population was based 
on the results of the landmark clinical trials done 
in adults(2002), for no studies had been done in 
pediatrics. Recently, however, two randomized clinical 
trials assessing the efficacy of TTM administration on 
pediatric population emerged in the literature. In a 
small study, Scholefield et al. randomized 73 pediatric 
victims to receive targeted temperature management 
(hypothermia down to 34-32 oC) or standard temperature 
care (normothermia with degrees of less than 38 oC). 
Unfortunately, the study was not adequately powered 

Figure 1:
In Nielse'n trial, the survival rate was 
better in the 36 group (48%) than in 
any of the groups in Deye's trial (42% 
and 38% by cooling to 33oC in the 
endovascular and external groups 
respectively)�
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to determine the difference in terms of hospital 
survival. However, it showed that the incidence of 
hyperthermia was almost similar in both groups after 
72 hours of initial hypothermia administration, and 
all the patients who experienced temperature of less 
than 32 oC died35. Moler et al. conducted a larger trial 
in which he randomized 295 children who remained 
comatose after OOHCA resuscitation to receive either 
hypothermia (to 33 oC) or normothermia (36.8 oC). The 
results showed no significant difference in the survival 
rate and neurologic outcome, with a survival rate by 1 
year of 38 % in the hypothermic group versus 29 % on 
the normothermic group36.

Based on the recent evidence obtained from 
the literature, the use of therapeutic hypothermia 
does not seem to be helpful in the OOHCA 
pediatric patients. It is worth to mention, however, 
that therapeutic hypothermia does have a role to 
play in the pediatric advanced life support. The 
administration of hypothermia to the neonates with 
cerebral encephalopathy has been studied by many 
researchers. Gluckman et al. reported in his RCT 
a survival improvement in the cooled infants who 
suffered from less severe EEG changes after neonatal 
encephalopathy37. Azzopardi et al. evaluated the effect 
of hypothermia on infants suffering from asphyxia 

encephalopathy by randomizing them to receive either 
hypothermia with intensive care or intensive care 
alone. Although the study failed to prove significant 
mortality reduction in the cooled group, it showed 
improvement in the neurologic outcomes among the 
neonates who eventually survived38.

Despite the positive results obtained by 
therapeutic hypothermia in neonates with cerebral 
encephalopathy, its role in the pediatric post cardiac 
arrest care needs to be further evaluated and proved 
by evidence before establishing recommendations to 
its administration for such kind of population.

Conclusion

The administration of TTM following ROSC for 
the patients who remain comatose after cardiac arrest 
has become a class A recommendation in the post 
resuscitation care according to the AHA guidelines10. 
However, many questions regarding the timing, eligible 
patients, the targeted temperature and the technique to 
achieve this targeted temperature still remain without 
clear evidence-based answer. Further studies need to 
be conducted to find conclusive evidence for these 
controversies and to standardize the manner of TTM 
administration in clinical practice.
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MANAGEMENT OF DIIFFICULT AIRWAY 
USEFULL STEPS

muSA muALLEm*∗

Abstract

Over the years management of difficult tracheal intubation has been facilitated by different 
techniques which include the use of stylets, introducers, boogies, intubating laryngeal mask 
airway, special laryngoscope blades, fiber optic laryngoscopes, and over the past fifteen years by 
the introduction of several video-assisted laryngoscopes.

The management of difficult tracheal intubation by video-assisted laryngoscopy can be further 
facilitated by using suspension video- laryngoscopy, which frees the hands of the anesthesiologist 
to handle the insertion of the endotracheal tube, with the aid of Muallem Endo-Tracheal Tube 
Introducer METTI, and Muallem Curved Pipe Stylet MPS, under an umbrella of pharyngeal 
oxygen insufflation.

Background

With the introduction of muscle relaxants by Harold Griffith in the forties, failure to ventilate 
and /or intubate became a major concern and a nightmare to anesthesiologists because of the serious 
morbidity and mortality that may follow1.

During the past years different guidelines and algorithms have been developed and 
recommended by the ASA and other societies for the difficult airway management. These guidelines 
have been very useful and have reduced the incidence of complications since their introduction2,3.

Following the introduction of the video-assisted laryngoscopes many of the steps of the 
guidelines could be omitted, and if the proper training and equipments are available, we can go 
directly to the most recently recommended technique4,5,6.

Introduction

Management of a difficult airway should not come as a surprise.

Each anesthesiologist should formulate a plan of action before-hand, rehearse it under normal 
conditions, and be prepared by training and equipments.
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Successful intubation depends on the:

1. Skill and training of the operator,

2. Equipment and intubation aids available,

3. Type of the anatomical difficulty present.

Faced with difficult tracheal intubation, we 
should avoid repeated trials, and aim for maintaining 
adequate ventilation and oxygenation, by laryngeal 
mask airway (LMA) if needed, keeping the patient 
alive until a proper plan of action is developed7.

In spite of the advance in vedeoscopes, we still 
find some airways difficult to intubate. Providing a 
good view of the glottis with the vedeoscope does not 
always correlate with successful tracheal intubation.

Intubation technique recommended

After preoxygenation, induction of anesthesia 
is made by a sleeping agent and muscle relaxant. 
Visualization of the glottis is made by the video-
scope. The endo-tracheal tube introducer (METTI) is 
inserted into the trachea by the help of the pipe stylet 
(MPS), and the endotracheal tube is railroaded over the 
introducer into the trachea8,9, Fig. 1.

Fig� 1 
An assembly of ET Tube, M Pipe stylet, and METTI Introducer

The assembly of introducer (METTI) and pipe 
stylet (MPS) makes one device with two components, 
where each component can be maneuvered 
independently. The pipe stylet is used to curve the 
introducer and the ET tube, and METTI to guide the 
tube into the trachea10,11 Fig. 2,3.

Fig� 2 
An assembly of Muallem pipe stylet (J tube) and introducer 

METTI

Fig� 3 
METTI Introducer

Intubation of the difficult airway should always 
be done under an umbrella of pharyngeal oxygen 
insufflation. These patients desaturate quickly after 
induction of anesthesia and the production of apnea, 
and pharyngeal oxygen insufflation can maintain apneic 
oxygenation and prolong safe apneic and intubation 
time12. Intubation becomes unhurried atraumatic and 
safe procedure.

Pharyngeal oxygen insufflation following mask 
preoxygenation can be simply produced by naso-
pharyngeal oxygen catheter or by the curved disposable 
dental evacuator hooked to the angle of the mouth and 
used as an oral oxygen insuflator Fig. 4.

Fig� 4 
Nasal oxygen catheter and oral oxygen insuflator

During the railroading of the endotracheal tube 
over the introducer (METTI), the tube may get stuck at 
the level of the arytenoids, turning the bevel of the tube 
posteriorly will allow the tube to pass to the larynx.

The tube may also get stuck at the anterior 
commissure, turning the bevel of the tube anteriorly 
will allow the tube to pass to the trachea.

The presence of an introducer in the trachea 
will allow rotation of the tube bevel under vision 
to overcome the obstacles met on the way during 
railroading13. Fig. 5.
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Fig� 5 
Railroading ETTube over introducer

By using the above mentioned technique; a 
Videoscope, Muallem introducer (METTI), and 
Muallem Pipe Stylet (MPS), it was found that a third 
hand by an assistant was required to manipulate all 
these intubation aids.

A hook has been added on the handle of the 
Videoscope for its suspension on a Bi-pod to free the 
two hands of the anesthesiologist who performs the 
intubation14. Fig. 6, 7.

Conclusion

The most recent advances in the management 
of difficult intubation is the introduction of the video-
assisted laryngoscopes.

The technique described above; of suspension 
video-assisted laryngoscopy, combined with an 
assembly of Muallem introducer and Muallem pipe 
stylet, under an umbrella of pharyngeal oxygen 
insufflation is recommended by the author15 for the 
management of difficult intubation.

This technique consists of the following steps;

1. Preoxygenation of the awake patient by a face 
mask.

2. Induction of anesthesia by a sleeping agent and 
muscle relaxant.

3. Pharyngeal oxygen insufflation for apneic 
oxygenation.

4. Viewing of the larynx by a video-assisted 
laryngoscope.

5. Suspension of the videoscope on a bipod to free 
operator hands.

6. Insertion of Muallem introducer METTI into the 
trachea by the aid of Muallem Pipe Stylet MBS 
(VBM).

7. Railroading the endotracheal tube over the 
introducer into the trachea under full vision, and 
rotating the tube over the introducer as required.

Fig� 6 
Scope handle hook and support pods

Fig� 7 
Suspended GlideScope



72 DEEPAK GUPTA, NIDA AFTAB, MBBS, VINAY PALLEKONDA

References

1. gENE N. PETERSON, m.d., Phd & AL: Management of the Difficult 
Airway A Closed Claims Analysis. Anesthesiology; 103:33-9 © 
2005, 2005.

2. American Society of Anesthesiologists Task Force on Practice 
guidelines for management of the difficult airway. An updated 
report. Anesthesiology; 98-5 - pp. 1269-1277, 2003.

3. hENdERSON ET AL: Difficult Airway Society guidelines For 
management of the unanticipated difficult intubation. Anaesthesia; 
59, pages 675-692, 2004.

4. COOPER Rm: Early experience with a new video laryngoscope. Can 
J Anesth; 52:191-198, 2005.

5. dOyLE d j, ZuRA, RAmAChANdRAN m: Video-laryngoscopy in the 
management of the difficult airway, Can J Anesth; 51:95, 2004.

6. TEOh WhL & AL: Comparison of three video-laryngoscopes: 
Pentax Airway Scope, C-MAC™, GlideScope® vs. the Macintosh 
laryngoscope for tracheal intubation. Anaesthesia Nov; volume 65, 
Issue 11, pages 1126-1132, 2010.

7. dOmINIC BELL: Avoiding adverse outcomes when faced with 
‘difficulty with ventilation’. Anesthesia; 58, pages 945-950, 2003.

8. muALLEm m. BARAkA A: Tracheal intubation using the GlideScope 
with a combined curved pipe stylet and endotracheal tube introducer. 
Can J Anesth; 54:1 77-78, 2007.

9. muALLEm m, BARAkA A: The use of the GlideScope to facilitate 
naso-tracheal intubation in patients with a difficult airway. European 
Journal of Anesthesiology; vol. 26, No. 2, 2009.

10. muALLEm m: Endotracheal tube introducer, An aid for the difficult 
airway. Middle East Journal of Anesthesiology; vol. 15, (6):687-
692, 2000.

11. muSA k muALLEm & AL: Muallem Endo-Tracheal Tube Introducer 
(METTI) - An Aid for the Difficult Airway-. Middle East Journal of 
Anesthesiology; 18, (2):385-390, 2005.

12. BARAkA A & AL: Supplementation of pre-oxygenation in morbidly 
obese patients using nasopharyngeal oxygen insufflation. 
Anesthesia; 62:769-773, 2007.

13. BARAkA ANIS & AL: Posterior-beveled vs. lateral- beveled tracheal 
tube for fiber -optic intubation. Can J Anesth; 49(8):889-890 Oct. 
2002.

14. muALLEm m, BARAkA A: Suspension laryngoscopy using the 
GlideScope. Middle East Journal of Anesthesiology; 20(1):127-128, 
2009.

15. muALLEm muSA, BARAkA ANIS: A novel technique for oral and 
nasal tracheal intubation using the video assisted laryngoscope (the 
GlideScope) in patients with difficult and normal airway. Middle 
East Journal of Anesthesiology; 20(5):763-764, 2010.



73 M.E.J. ANESTH 24 (1), 2017

CASE REPORT

WAS IT CRITICAL ILLNESS NEUROPRAxIA IN 
A POSTPARTUM PATIENT WHEREIN NEUROLOGICAL 

SYMPTOMS AND SIGNS SPONTANEOUSLY 
RESOLVED WITHIN 24 HRS?

dEEPAk guPTA1, ChRISTOPhER j. gARCIA2, 
PANdu RANgA RAO BANgARu3 

ANd ALI SABBAgh2**

Abstract

Critical illness polyneuropathy is a well-known condition that is among the etiologies 
underlying the commonly diagnosed neuromuscular weakness among intensive care unit patients. 
As similar to critical illness myopathy, critical illness polyneurpathy typically has onset, progression 
and resolution (complete or incomplete) over a period of days to weeks to months. However, we 
herein present a postpartum septic shock patient whose neurological symptoms developed and then 
resolved over a period of 24-hours, pointing to the possibility of transient occurrence of critical 
illness neuropraxia (CIN).

Keywords: critical illness polyneuropathy; critical illness myopathy; critical illness 
neuropraxia; postpartum septic shock; peripheral nervous tissue hypoperfusion; spinal cord 
concussion

Introduction

Critical illness polyneuropathy is a well-known condition that is among the etiologies 
underlying the commonly diagnosed neuromuscular weakness among intensive care unit (ICU) 
patients1-2. As similar to critical illness myopathy, critical illness polyneurpathy typically has onset, 
progression and resolution (complete or incomplete) over a period of days to weeks to months. 
However, after informed and written consent, we herein present a postpartum septic shock patient 
whose neurological symptoms developed and then resolved over a period of 24-hours, pointing to 
the possibility of transient occurrence of critical illness neuropraxia (CIN).
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Case Presentation

A 20-year-old full term pregnant patient presented 
for induction of labor. The patient had undergone a 
spontaneous vaginal delivery with analgesic support 
from uneventful labor epidural placement and 
continuous epidural analgesic regimen. The epidural 
catheter was removed immediately post-delivery per 
protocol. The next morning, during postpartum day-
one clinical rounds, the patient did not complain of 
any neurological symptoms; however oral temperature 
peaking at 40.0 degrees Celsius, leucocytosis (22.1 
K/CUMM) with neutrophilia (18.6 K/CUMM), and 
subsequent blood culture positive for Streptococcus 
pyogenes (Group A Strep) were observed. As 
puerperal sepsis was suspected, an antibiotic course of 
ampicillin, clindamycin and gentamicin was started. 
During the subsequent twelve hours, the patient 
reported new onset weakness in both lower extremities 
with inability to walk. The patient began to exhibit 
deteriorated vital signs with systolic blood pressures 
80s-90s mmHg, heart rates 140s-150s beats per 
minute, respiratory rates 20s-30s breaths per minute, 
and oral temperatures peaking at 41.4 degrees Celsius. 
Neurology and ICU teams were consulted. As per the 
neurologist’s evaluation of patient’s muscle power, left 
hip flexors were 3/5, left hip extensors were 4/5, left 
knee flexors were 3/5, left knee extensors were 4/5, left 
foot dorsiflexors were 3/5 and left foot plantar flexors 
were 3/5. Hypotonicity in both lower extremities was 
observed. Fine touch, pin prick, temperature sensation, 
vibration and proprioception were decreased in left 
leg below the first lumbar dermatome. Knee reflexes 
were subnormal bilaterally, while ankle reflex was 
subnormal only on right side. Urgent magnetic 
resonance imaging of lumbar spine ruled out any 
epidural hematoma or abscess. The leucocytosis 
(31.9 K/CUMM) with neutrophilia (22.0 K/CUMM) 
worsened and a high anion-gap (17 millimoles/liter) 
lactic acidosis (5.9 millimoles/liter) was observed. The 
patient was diagnosed with septic shock and transferred 
to ICU where non-rebreather oxygen therapy, 
norepinephrine titration for hemodynamic stability, 
aggressive intravenous fluids and antibiotic therapy 
with vancomycin and cefepime were initiated. Over 
the next twelve hours following the initiation of septic 
shock management, patient’s vital signs had stabilized 

with correction of high anion-gap lactic acidosis; the 
neurological symptoms spontaneously resolved with 
minimal proximal weakness (4/5 power in hip flexors 
and extensors). As per the neurologist’s feedback, 
although the patient had family history of multiple 
sclerosis, the symptoms were more closely related to 
peripheral neurological processes which apparently 
turned out to be transient. Computed-tomography of 
abdomen-pelvis ruled out any obvious intraabdominal 
infectious pathology. Piperacillin-tazobactam and 
tobramycin were later added but antibiotic regimen 
was subsequently changed to pencillin-G-potassium 
over the next 48 hours as per the blood culture and 
sensitivity reports and infectious diseases’ team’s 
recommendations. On postpartum day-seven, the 
patient was discharged to home after being transferred 
on oral amoxicillin therapy.

Discussion

Our patient’s unusual clinical scenario brings forth 
multiple interesting points. Firstly, anesthesiologists 
are often called for evaluation and recommendation 
about the acute changes in peripheral neurological 
status in postpartum patients who have received 
peripartum neuraxial interventions for analgesia-
anesthesia. In such scenarios, if the clinical picture 
is not clearly representing any direct consequence to 
peripartum neuraxial intervention, the anesthesia team 
should not hesitate to ask for a second opinion from 
the neurology team. Secondly, our patient’s clinical 
condition highlights that complications of neuraxial 
analgesia-anesthesia and acute pathological conditions 
like epidural hematoma or abscess are not the only 
conditions to suspect in postpartum patients; peripheral 
nerve diseases can also play a role in patients’ 
neurological symptoms, especially in critically ill 
patients. Finally, such neurological symptoms may 
NOT necessarily fit into one particular pre-defined 
nerve disease profile.

Peripheral neuropathy represents peripheral 
nerve disease/damage3 that often has subacute or 
chronic onset of symptoms except for the patients 
acutely suffering from Guillian-Barre syndrome 
like symptoms. However, these neuropathic 
symptoms usually resolve slowly, unlike our patient’s 
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neurological symptoms that resolved within 24 hours. 
Neuritis represents inflammation of nerves but is often 
associated with pain that was not observed in our 
patient. Transient neurologic symptoms associated 
with lidocaine4 supposedly represent chemical-irritant-
induced pain symptoms in the absence of neurological 
pathology; but again, nerve-related pain was absent 
in our patient. Transient neurological deficits due to 
transient spinal cord ischemia5 may occur as similar 
to transient ischemic attacks happening within the 
brain; however, our patient’s transient paresis most 
likely represented peripheral nerve involvement 
rather than central nervous system’s involvement. It 
is not known whether similar mechanisms may occur 
with transient peripheral nerve ischemia; however, 
the idiopathic or functional origin of our patient’s 
symptoms can be easily ruled out in the presence of 
neurological signs (motor, sensory and deep tendon 
reflexes). Finally, it seems that the answer to our 
patient’s symptoms can be encompassed within a yet-
to-be-defined transient peripheral neuropraxia which 
may be similar to transient cervical neuropraxia6-7, 
observed in the sudden hyperflexion-hyperextension 
injuries among contact sports athletes. This transient 
neuropraxia may involve any region within the spinal 
cord and can be referred to as spinal cord concussion8-9 
with spontaneous and complete resolution within few 
minutes to couple of days. Analogously, our patient’s 
transient peripheral neuropraxia could be secondary to 

sepsis and septic shock precipitating peripheral nervous 
tissue hypoperfusion leading to CIN that responded and 
resolved when the inciting events (sepsis and septic 
shock) were corrected by vasopressors, aggressive 
fluid therapy and intravenous antibiotics.

On a side note, gentamicin related peripheral 
neuropathy and neuromuscular weakness10-12 could 
have been considered as the underlying etiology. 
However, the patient had only received the first (and 
only) dose of 7mg/kg-gentamicin intravenous infusion 
scheduled for once every 24hrs; and subsequent 
incidence and then resolution of acute sensory loss 
signs within 24-hours may rule against gentamicin as 
the cause of patient’s symptoms. Although patient’s 
thyroid function tests were normal five years back, the 
thyroid function was not re-evaluated in the patient 
most likely taking into consideration that evolving 
septic shock can independently affect thyroid function 
of septic patients13-14. Nevertheless, thyroid related 
myopathy seemed unlikely in the patient, considering 
the associated transient sensory changes along the 
dermatomes.

Conclusion

In summary, even though not clearly ascertained, 
our patient’s course of neurological symptoms seems 
likely to have occurred due to transient critical illness 
neuropraxia (CIN).
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MIxED LARYNGOCELE: CASE REPORT

ABduL-LATIF hAmdAN1 ANd ELIE khALIFEE1**

Abstract

This is a case report of a mixed laryngocele presenting with dysphonia and neck tension. 
Patient underwent laser excision of the internal component of the laryngocele under suspension 
micro-laryngoscopy. Diligent intubation and airway manipulation are crucial in preempting 
inadvertent laryngeal complication.

Key words: Laryngocele, anesthesia, intubation, laser excision

Introduction

Laryngoceles, first described by Virchow in 1867, are abnormal air filled dilatations of the 
laryngeal saccule that communicate with the lumen of the larynx1. They commonly present in the 
fifth or sixth decades of life with male predilection in a 5:1 ratio2-3. Classically, laryngoceles are 
classified into three types according to anatomical location; Internal laryngoceles which remain 
within the larynx, external laryngoceles which extend laterally through the thyrohyoid membrane 
and the mixed laryngoceles which are the most common type occurring in 44% of the cases4-5.

In general, laryngoceles may present with dysphonia, dysphagia, foreign body sensation, 
stridor, sleep apnea, neck pain and tightness or swelling. The symptoms depend largely on the 
subtype of the laryngocele, its size and location. External laryngoceles present as neck masses 
that grow and decrease in size according to the amount of air in the saccule. On the other hand, 
internal laryngoceles usually present with signs of supraglottic constriction and medialization of 
the false cord. Moreover, internal laryngoceles can invade the airway by extending superiorly into 
the aryepiglottic fold. Fluid-filled laryngoceles may rapidly enlarge in size causing upper airway 
obstruction. In such severe cases, priority must be given to secure the threatened airway which 
may necessitate emergency intubation or cricothyroidotomy6. To that end, diligent collaboration 
between the anesthesiologist and the treating physician is critical in securing the airway and 
preventing inadvertent complications.

The authors of this manuscript are reporting a case of mixed laryngocele that presented with 
internal laryngeal fullness that was managed by endoscopic laser excision.

Case

This is the case of a 47-year-old gentleman smoker 40-pack-year who presented with symptoms 
of hoarseness, neck pain and tension, and dyspnea of few years duration. On perceptual evaluation, 
he had moderate dysphonia Grade-2 with straining and breathiness. Laryngeal endo-stroboscopic 
examination with 70-degree telescope (Kay-Pentax RLS9100) revealed glottic insufficiency 
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with muscle tension pattern mediolateral and antero-
posterior. Contrast enhanced computed tomography 
of the neck was requested in order to rule out any 
laryngeal or extra-laryngeal pathology and revealed an 
air filled mixed internal and external right laryngocele. 
The nasopharyngeal mucosa, parotid, thyroid, infra-
temporal, para-pharyngeal, submandibular and carotid 
spaces were normal (see Fig.).

Patient underwent endoscopic laser excision of 
the right internal component of the laryngocele. Under 
suspension microlaryngoscopy, the laryngeal lumen 
was exposed and the right supraglottic fullness was 
palpated. The overlying laryngeal mucosa was excised 
using the CO2 laser power 4-5 watts super-pulse mode 
to expose the sac of the internal laryngocele. Using 
both blunt dissection and laser, the sac was dissected 

and excised at its apex while controlling hemostasis.

Discussion

The diagnosis of laryngoceles is mostly clinical. 
Radiologic imaging using Plain radiographs, computed 
tomography or magnetic resonance is often requested 
to confirm the diagnosis and rule out concomitant 
laryngeal pathology7. As previously mentioned, 
laryngoceles can cause airway compromise due to 
their expansile, cystic, and elastic features which 
renders the airway management a challenge. The 
main challenge is to induce anesthesia and achieve 
a successful intubation without compromising the 
airway. Supine surgical position and mask ventilation 
can cause laryngoceles, being a highly mobile 
structure, to expand multiple times in size reaching 
the tongue base and complicating the induction phase 
of anesthesia prior to tracheal intubation. Onder et al 
reported the case of a 67 year old male who presented 
with dyspnea, cough, sleep apnea, and hoarseness 
over 6 months and was found to have a left mobile 
pedunculated cystic mass in the supraglottic region 
obstructing laryngeal inlet. Upon starting mask 
ventilation in the supine position, the mobile structure 
inflated and moved cranially towards the oropharynx. 
Endotracheal intubation was done under endoscopic 
guidance using a guide wire along with a laryngoscope 
and a tracheotomy was successfully avoided8.

To that end awake fiberoptic intubation is viable 
alternative technique to intubation in the management 
of difficult airway and deep neck space infections9. 
Another technique would be to needle aspirate the cyst 
to reduce its mass prior to anesthesia when dealing with 
large laryngoceles. However, patient agitation and high 
anxiety index may hinder such a procedure9. One of the 
important points in directing the airway management 
regimen is whether serious edema is expected or not 
postop. Usually, cystic lesions that are localized tend 
to cause less edema and the excision of the obstructing 
mass would relieve the laryngeal airway. Another 
important point to take into consideration is the level of 
expertise of the anesthesiologist which is critical when 
choosing more elaborate techniques for obstructed and 
hardly visible airway passages.

Fig� 1 
Contrast enhanced CT neck showing right laryngocele in 

coronal view (A) and sagittal view (B)
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LETTER TO THE EDITOR

ANNUAL-NATIONAL MILLION ANESTHESIA MODIFIER 
UNITS  WARRANT LONG-OVERDUE DEVELOPMENT 

OF THE AMERICAN SOCIETY OF ANESTHESIOLOGISTS 
PHYSICAL STATUS APPLICATION (ASA-PS-APP)

dEEPAk guPTA1, NIdA AFTAB2 ANd vinay PALLEkONdA1*

Abstract

The American Society of Anesthesiologists (ASA) Physical Status (PS) Classification (ASA 
I thru VI) has some persistent issues although the ASA House of Delegates in 2014 approved 
the addition of examples for each ASA PS Class to ease out the process of classifying peri-
anesthesia patients. The ASA PS Class is billed as anesthesia modifier unit in the United States 
(U.S.). Therefore, uniformity of categorization is warranted to avoid unintentional billing issues 
secondary to inter-rater variability of the ASA PS Classification. Currently, there isn’t any online 
ASA PS calculator available that is based on the ASA PS examples (added in 2014); the calculators 
when based only on the ASA PS definitions are again dependent on the anesthesia providers’ 
judgment with potential for high inter-rater variability. The absence of the ASA PS Classification 
calculators, based on the examples that are now part of the ASA PS Classification, gives an 
inspiration to plan ASA PS Application (ASA-PS-APP) that would include the ASA House of 
Delegates’ approved ASA PS Classification examples and automatically generate the ASA PS 
Class. This new application is definitely warranted to accurately calculate for uniform billing as far 
as PS modifier units are concerned. The ASA must focus on developing the ASA-PS-APP for the 
future billing of anesthesia PS modifiers because even if the clinicians managing the patients may 
NOT agree with the automated computed ASA PS Class per ASA-PS-APP, billers and litigators 
would follow the uniformly derived ASA PS Class per ASA-PS-APP. This new APP could be 
devised by seeking inspiration from the American College of Surgeons National Surgical Quality 
Improvement Program® (ACS NSQIP®) Surgical Risk Calculator wherein correspondingly all 
pre-determined examples pertaining to ASA PS Classification can be scrolled down and selected 
for final automated designation of uniform ASA PS Class. In summary, the development of an 
ASA-PS-APP by the ASA would appear as the progressive and logical next step.

Keywords: American Society of Anesthesiologists Physical Status; ASA PS; Anesthesia 
Modifier Units; Anesthesia Billing; ASA-PS-APP.
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Letter

The American Society of Anesthesiologists 
(ASA) Physical Status (PS)1 Classification (ASA 
Class I thru VI with provision for the addition of “E” 
to any of the ASA PS Class) is billed as anesthesia 
modifier unit2 in the United States (U.S.): ASA PS 
III=One billable PS unit; ASA PS IV=Two billable 
PS units; ASA PS V=Three billable PS units; ASA 
PS E=Two billable PS units. Therefore, uniformity 
of categorization is warranted to avoid unintentional 
billing issues secondary to inter-rater variability1,3 of 
the ASA PS Classification. The scope and impact of 
unintentional billing issues can be analyzed from the 
historical and public data. Per Centers for Disease 
Control and Prevention (CDC) data4, around 60% of all 
post-surgery hospital discharges in U.S. were among 
18-64 years age group during 2013. Assuming from an 
estimated 36,457,210 operations5 in U.S. in 2012 (all-
inclusive of hospitals, ambulatory surgical centers and 
surgical offices), 60% of them (21,863,471 operations) 
can be safely assumed to have occurred among 18-64 
years age group patients. As 67.3% among 18-64 years 
age group patients have private insurances (per 2014 
data6), effectively 14,714,116 operations occurred 
among privately insured 18-64 years age group 
patients. Consequently, as opposed to hypothetical 
case scenarios based ASA PS inter-rater discrepancy 
data3, the actual Canadian patients based ASA PS 
inter-rater discrepancy data for the years 2010-20117 
comes to ±803 billable PS units per 10,000 procedural 
patients according to our post-hoc calculations; and the 
economic impact of the inter-rater variability, in terms 
of PS unit billing, best guesstimates at least ±1,181,544 
PS units annually in the U.S.

The abovementioned potential PS units 
discrepancy nationally is derived based on the 
assumption that the ASA PS inter-rater discrepancy data 
among actual Canadian patients7 was uniform across 
the 18-64 years age group and applicable for matched 
U.S. patients. The ±sign indicates the margin of error or 
the variation, in case, PAC ASA PS Class is considered 
correct and correspondingly OR ASA PS Class (the 
most likely to be used for PS units’ reimbursements) 
presumably becomes inadvertent overbilling and vice-

versa wherein PAC ASA PS Class becomes a potential 
case of avoided inadvertent under-billing considering 
OR ASA PS Class being the correct classification. 
Additionally, the abovementioned is also based on 
the assumption that all private insurers, who provide 
coverage for 18-64 years age group patients, recognize 
and reimburse per the anesthesia PS modifiers. 

Currently, there isn’t any online ASA PS calculator 
available that is based on the ASA PS examples (added 
in 20141); the calculators when based only on the ASA 
PS definitions are again dependent on the anesthesia 
providers’ judgment with potential for high inter-rater 
variability. The absence of the ASA PS Classification 
calculators based on the examples that are now part 
of the ASA PS Classification, gives an inspiration to 
plan ASA PS Application (ASA-PS-APP) that would 
include the ASA House of Delegates’ approved ASA 
PS Classification examples1 and automatically generate 
the ASA PS Class. This new application is definitely 
warranted to accurately calculate for uniform billing as 
far as PS modifier units are concerned.

When pursuing the technological advancement for 
ASA-PS-APP, its developers at the ASA would have to 
consider few below-mentioned things. They may have 
to determine whether one ASA PS identifying example 
itself can place the patient into that particular ASA PS 
Class and whether two or more ASA PS identifying 
examples of the same ASA PS Class should still 
categorize the patient as that particular ASA PS Class, 
rather than two or more examples leading to subjective 
addition and upgrading of ASA PS Class. Additionally, 
the ASA PS identifying examples may need to be 
clearer, for example when defining the numbers that 
constitute as mild, moderate or severe reductions 
in ejection fraction1. All this micromanagement by 
ASA-PS-APP is meant only for the sake of uniform 
PS units’ billing nationally. For the providers caring 
for the patients, the ASA PS may be just a numerical 
value wherein the anesthesia providers’ vigilance does 
not sway from one extreme for ASA PS V to another 
extreme for ASA PS I, especially when the mortality of 
ASA PS I patient amounts to a serious reportable event 
(SRE) per National Quality Forum8.

From anesthesia-services’ billing’s perspective, 
the ASA PS being just a numerical value may NOT be an 
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exaggeration. Per 1990s U.S. data9, extrapolated peri-
operative deaths (defined as death within 48hrs after 
anesthesia-procedures) ranged from approximately 
0/10,000 for ASA PS 1 to more than 2,000/10,000 for 
ASA PS 5; whereas extrapolated anesthesia-related 
deaths (determined as per the adjudged peer-review) 
ranged from approximately 0/10,000 for ASA PS 1 
to more than 14/10,000 for ASA PS 5. Irrespective 
of the abovementioned definition of deaths, ASA PS 
5 patients had higher mortality rates, but the overall 
burden seemed to be more on the all-inclusive peri-
operative teams (more than 2,000/10,000) rather than 
on the anesthesia teams only (more than 14/10,000)9. 
Therefore, this may appear to negate the need for 
billing based on ASA PS as far as anesthesia teams 
are concerned; however, it is NOT clear if the hospital 
systems are being reimbursed based on their clientele’s 
ASA PS Class milieu.

Caring for difficult patients needs to be 
incentivized (in terms of money) so that anesthesia 
teams do NOT refuse, hesitate or selectively avoid 
being responsible for management of severely ill 
patients10. However, the ASA PS itself does NOT 
appear to provide adequate grounds, for safe-practice 
providers rooted in professionalism, to accept or deny 
caring for patients just based on their predicted severity 
of illness; and hence, the conscientious anesthesia 
providers may feel encouraged to consider avoiding 
billing for anesthesia PS modifiers as they may be 
non-essential incentives. Moreover, irrespective of the 
ASA PS Class, the need for multiple anesthesia-related 
interventions is more often related to the surgical 
procedures itself and they are anyhow separately billed. 
In essence, the subjective ASA PS based anesthesia 
modifiers, with potential for raters’ bias, may NOT be 
left with a major role to play when both anesthesia and 
surgical reimbursements are more closely linked to the 
surgical procedures themselves10.

Moreover, the ASA PS Classification needs to 
clarify some interesting case scenarios. How many 
projected-hours delay is suspected to lead loss of life 
or body part before one can add “E” to any of the ASA 
PS Class? Can elective surgeries appear “emergent” 
to prevent the loss of “non-defined meaning any” 
body part? Are cesarean sections emergent due to the 

concerns for loss of maternal “life” or maternal “body 
part”(“fetal life”)? Do labor epidurals ever fall in the 
category for ASA PS E wherein the only potential 
“emergency” being acute pain relief procedure to 
overlook insufficient fasting periods? Will an ASA 
PS V patient require additional billing for ASA PS 
E when ASA PS V status itself deems the patient as 
requiring an emergent intervention to avoid potential 
death within 24hrs of initial clinical presentation at a 
healthcare delivery system? Will an ASA PS I patient 
require additional billing for ASA PS E when an 
emergent need for intervention to avoid loss of life or 
body part essentially contradicts his/her state of health 
being normal (ASA PS I)?

Regardless, the ASA PS appears to be intertwined 
in the American culture of anesthesia reimbursement 
and outcomes with correspondingly potential gradation 
in terms of professional liability, and hence it may 
NOT be possible to move away from the ASA PS. 
However, considering the ASA PS as purely a number 
may help the anesthesia providers to divert their focus 
on the detailed history of the patients’ co-morbidities. 
Despite this, the ASA must focus on developing the 
ASA-PS-APP for the future billing of anesthesia PS 
modifiers because even if the clinicians managing the 
patients may NOT agree with the automated computed 
ASA PS Class per ASA-PS-APP, billers and litigators 
would follow the uniformly derived ASA PS Class 
per ASA-PS-APP. This new APP could be devised 
by seeking inspiration from the American College 
of Surgeons National Surgical Quality Improvement 
Program® (ACS NSQIP®) Surgical Risk Calculator11 
wherein correspondingly all pre-determined examples 
pertaining to ASA PS Classification could be scrolled 
down and selected for final automated designation of 
uniform ASA PS Class.

In summary, it appears justified to revisit and 
endorse the views (like Aronson et al3 recommendations 
in recent past) that ASA PS based reimbursement is not 
required; rather development of elaborated revision or 
objective replacement is warranted. Therefore, based 
on the most recent approval of ASA PS Classification 
by the ASA House of Delegates in 20141, the 
development of an ASA-PS-APP by the ASA would 
appear as the progressive and logical next step.
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hypotheses tested by the study, basic procedures, main findings 
and principal conclusions.

Provide separate word count for the abstract.

4. Introduction
Provide the nature of the problem and its significance. 

State the specific purpose or research objectives or hypothesis 
tested. Provide only directly pertinent references and do not 
include data or conclusions from the work being reported.

5. Methods
A. Selection and description of participants:

- Describe selection of participants (including controls) 
clearly, including eligibility and exclusion criteria.

B. Technical information:
- Identify the methods, apparatus (give the 

manufacturer’s name and address in parentheses), 
and procedure in sufficient detail to allow others 
to reproduce the results. Give references to 
established methods. Provide references and brief 
descriptions for methods that have been published. 
Identify precisely all drugs and chemicals used, 
including generic names(s), dose(s) ands routes(s) 
of administration.

C. Statistics-describe statistical methods with enough 
detail to enable a knowledgeable reader with access to 
the original date to verify the reported results. Define 
statistical terms, abbreviations and most symbols. 
Specify the computer software used. Provide a power 
analysis for the study.

6. Results
Present your results in logical sequence in the text, tables 

and illustrations, giving the main or most important findings 
first. Do not repeat all the data in the tables or illustrations 
in the text: emphasize or summarize only the most important 
observations. Extra or supplementary materials and technical 
details can be placed in an appendix.

7. Discussion
Emphasize the new and important findings of the study 

and the conclusions that may be drawn.

Do not repeat in details data or other information given 
in the Introduction or the Results sections. For experimental 
studies, it is useful to begin the discussion by summarizing 
briefly the main findings, then explore possible mechanisms or 
explanations for these findings, compare and contrast the results 
with other relevant studies. State the limitations of the study, 
and explore the implications of the findings for future research 
and for clinical practice. Link the conclusions with the goals of 
the study, but avoid unjustified statements and conclusions not 
adequately supported by the data.
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