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QUALITY IMPROVEMENT

QUALITY, SAFETY AND EFFICIENCY IN PRACTICE:  
RISK ASSESSMENT AND STANDARDISATION OF ANESTHESIA 

EQUIPMENT AND SUPPLIES IN OPERATING THEATERS OF 
HIGH-VOLUME TERTIARY-CARE ACADEMIC MEDICAL CENTER

Y. Hammad1,2, W. EL ansari3,4,5, n. sHaLLik1,2, 
s. BaLi6 and a. FEki7

Abstract

Background: Operating theatres (OTs) are valuable and costly resources that need to be 
appropriately designed and stocked for efficient, quality and safe patient care. We assessed the 
logistic inefficiency including the availability and location layout of necessary supplies across OTs 
of a high-volume tertiary-care academic medical center.

Methods: A blinded observer (anesthesia technologist) was allocated to 10 OTs. For each OT, 
the availability, quantity and time spent to locate and obtain a set of required items were recorded 
(baseline values). We then developed an OT mapping plan to determine the specific item/s to be 
stocked in specific locations, and one OT was standardized to this configuration map. A blinded 
observer was then allocated to this standardized OT and time spent to obtain the same set of items 
was again recorded. Six of our regular OTs were then standardized to the same configuration, 
and the time to obtain the items by a blinded observer were again recorded for each OT. T tests 
compared the time required to locate items in the standardized OT vs. regular OTs; paired t tests 
compared the time required in each OT vs. itself before and after standardization.

Results: The observer required significantly more time in each of the 10 regular OTs compared 
to the standardized OT. The time spent by the observer to obtain the required items significantly 
and considerably decreased in each of 6 OTs after their standardization, compared to the time 
required before their standardization.

Conclusion: This quality improvement project successfully reduced the time required to 
identify and locate different supplies, which impacts on the efficiency and quality of patient care. 
For anesthesia staff moving from one anesthetizing location to another within the institution, 
consistencies in location and number of anesthesia equipment and supplies create higher levels of 
safety and professionalism.

1 Senior Consultant, Department of Anesthesiology, Hamad General Hospital, Doha, Qatar.
2 Assistant Professor, Weill Cornell Medicine Qatar, Doha, Qatar.
3 Senior Consultant, Department of Surgery, Hamad General Hospital, Doha, Qatar.
4 Professor, College of Medicine, Qatar University, Doha, Qatar.
5 Professor, School of Health and Education, University of Skovde, Skovde, Sweden.
6 Technologist, Department of Anesthesiology, Hamad General Hospital, Doha, Qatar.
7 Senior technologist, Department of Anesthesiology, Hamad General Hospital, Doha, Qatar.
 Corresponding Author: Professor and Senior Consultant, Department of Surgery, Hamad General Hospital, Doha, Qatar, 

Box 3050/Doha/Qatar. Tel: 00974 6607 4243. Email: yhammad@hamad.qa
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Introduction

The appropriate setting up of an operating theatre 
with all required anesthetic equipment helps health care 
providers to deliver efficient service in timely manner 
and is crucial when managing critically sick patients, 
particularly those requiring life-saving procedures. The 
American Society of Anesthesiologists (ASA) found a 
high incidence of equipment-related problems among 
patients1 and human errors are not infrequent than 
equipment failures2. In the UK, anesthetic equipment 
incidents have generally not been critically scrutinized 
to the extent that they should be3. Anesthetic equipment-
related incidents (failure or unavailability) comprised 
15.7% of a total of 606 incidents between 2006-20084. 
Similarly, in Kuwait, no control mechanisms existed 
for the supply and inventory management domain, 
resulting in an uncontrolled consumption, non-moving 
and lots of expired and stocked items as no updated 
inventory was available to reflect what is stocked in 
every area, with the subsequent outcome that one might 
find no single item of the highly consumable supplies 
whilst finding hundreds of low utilization ones5.

Despite that maintaining patient safety is a critical 
element of anesthetic practice6, operating theatres are 
frequently stuffed with many types of equipment in 
an unorganized manner5. Such measures inevitably 
impinge directly on patient safety and quality of care. 
Unsurprisingly, the analysis of stock, instrument 
placement and devising of standardized surgical set-
ups led to more efficient practice4. Likewise, the use 
of standardized, bundled surgical items facilitated the 
location and procurement of supplies4.

The ASA recommends that space must be 
available in operating theaters to store a wide variety 
of disposable equipment of different sizes within 
easy reach of providers7. Such equipment includes 
intravenous catheters, fluid flow systems, infusion 
pumps, and equipment for invasive monitoring of 
arterial and central venous pressures7. They also 
comprise regional anesthesia equipment for neuraxial 
and peripheral nerve blocks, resuscitation equipment, 
and readily available medications. Likewise, the 

difficult airway cart with specialized equipment should 
include, but not be limited to, fiberoptic bronchoscope 
and emergency tracheostomy and cricothyrotomy 
equipment, and malignant hyperthermia treatment cart 
should be regularly maintained and include a range 
of medications7. Despite such recommendations, OTs 
were stuffed with many types of equipment left around 
in a disorganized fashion.

The literature reveals gaps. Research that focuses 
on the levels of efficiency and productivity across OTs 
in a systematic unified approach seems to be lacking 
and/or not widely reported8. Geographically, to the best 
of our knowledge, across the Eastern Mediterranean 
Region, there exists very scarce published research 
that addresses the efficiency and productivity of OTs. 
Particularly across the countries of the Arabian Gulf 
area, there are no recent data available and not a single 
published paper on the topic. This is despite that: 1) 
with longer projected life expectancy of populations, 
demand for surgical services and OTs continues to 
increase; 2) proper OT arrangement with all necessary 
anesthetic gear helps anesthetists to deliver timely 
efficient services which is key for critical procedures 
and patients; 3) the concept of “standardization” 
of services and care processes allows providers to 
practice in a more efficient environment; and, 4) 
maintaining economically viable institutions require 
cautious resource use.

Given these knowledge gaps, the aim of the 
current study was to assess the effect of standardization 
of amount, type, arrangement and availability of 
anesthesia equipment and supplies in OTs of a major 
tertiary care hospital, on the time consumed by 
anesthetists to identify and reach the desired equipment/ 
supplies. Using 11 identical OTs and employing the 
same anesthesia technologist to locate and access an 
identical set of given equipment/ supplies within the 
OTs, the specific objectives were to:

l Assess the time required by the technologist 
to locate and access the equipment/ supplies in 
each of 11 regular OTs.

l Develop a mapping plan to determine the spe-
cific item to be stocked in a given location and 
implement the plan to generate a reference stan-
dardized OT.

l Measure the time required by the technologist 
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to locate and access the equipment/ supplies in 
the reference standardized OT.

l Assess the extent of delay (time difference re-
quired by the technologist to locate and access 
the same equipment/ supplies between regular 
and the reference standardized OT).

l Implement the standardization across all the 
OTs, and assess the extent of improvement in 
time.

Methods

Risk assessment: defining the problem 
Initial Analysis: Direct Observation 
Of Baseline Process

At our tertiary care institution, the need for the 
standardization of anesthesia equipment and supplies 
in the OTs was raised after we observed several 
inconsistencies. Each of the 11 OTs had different 
anesthesia supply carts and cabinets, each with its 
own configuration and layout. In addition, the drawers 
and shelves were overloaded with rarely used items. 
Hence, the preparation for anesthesia procedure 
consumes long and valuable time. As our anesthesia 
physicians and technicians rotate between 11 OTs and 
52 procedure rooms across different sections and units, 
thus they spend valuable time searching for anesthesia 
items which wastes time, increases frustration and 
increases the potential for errors.

Visual management strategy: potential 
solution/s

The 5S or visual management strategy of the 
Lean and Six Sigma methodologies include the use 
of techniques that enables a person to immediately 
recognize normal and abnormal states in the process. 
Such technique helps an organization examine 
the work place and identify irregularities for easy 
elimination of waste and improving safety8. The 5S 
components are: Sort (distinguish what is needed and 
what is not needed), Set in order (place everything in 
its place), Shine (make cleaning part of the job every 

day), Standardize (create policies and procedures 
that ensure the area stays clean and neat at all times) 
and finally Sustain (train workers and management 
to be committed to and participate in sustaining and 
monitoring visual management)8.

Plan and action

We conducted an audit to recognize and verify 
the risk of irregularities at our OTs and to develop 
a mapping plan to determine the specific item to be 
stocked in a given location.

Before starting the audit, we standardized one 
reference OT according to a studied configuration 
map (items’ location and quantity) (Table 1). Then, a 
blinded anesthesia technologist was allocated to the 
reference OT, where a list of required equipment was 
then presented to the technologist, and the availability, 
quantity and time spent by the technologist to obtain 
each of the required items was recorded (baseline 
measurement). We then compared this time required 
in the standardized OT to the time taken by the same 
observer to locate the same items in the other 10 regular 
OTs under examination. Then, we standardized 7 OTs 
similar to the reference OT (3 OTs were excluded 
due to limited logistics). We then conducted a second 
identical survey using the same principles in order to 
measure any improvement in the time to locate items in 
the 7 standardized OT before and after standardization. 
Time spent by the technologist to obtain each of the 
required items before and after standardization was 
recorded as mean and standard deviation. Independent 
t-test was used to compare quantitative variables with 
normal distribution before and after standardization. 
All statistical tests were 2-sided with a P < 0.05 
considered statistically significant.

Results

We standardized OT3 according to the action 
plan, and compared it to the other 10 OTs employing 
an anesthesia technician blinded to the status of the 
OT (i.e. whether a given OT was standardized or not). 
Figure 1 depicts that the time spent by the anesethesia 
technician to locate the chosen items and supplies in 
the standardized OT3 (4.94 sec) ranged between 4 
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Discussion

Hamad General Hospital is an 800- bed major 
tertiary care hospital in Doha, Qatar, with 18,600 
surgeries undertaken in 2016. OTs are a hospital’s costly 
resource9, and time is the most expensive factor in the 
OT10. A number of OT processes can limit productivity, 
and authors have reported variables and processes that 
contribute to OR inefficiencies11-14, where inventory 
management procedures of controlling and stocking 
medicines, general medical supplies and instruments 

RISK ASSESSMENT OF ANESTHESIA EQUIPMENT

(OT7) to 18 (OT5) times less when compared to the 
the time required by the same technician to locate the 
same items across the other non standardized OTs (P < 
0.0001 for all comparisons).
OT: operating theatre.

Figure 2 shows that across the seven standardized 
OTs, the decrease in time spent by same technician to 
locate the items varied from 17.94 sec (OT7) to 75.19 
sec (OT 8). This decrease in time was larger across 4 
OTs, and less across another 2 OTs (P < 0.0001 for all 
comparisons).

Fig. 1 
Time to locate items in the 

standardized OT and 10 non-
standardized OTs

OT: operating theatre.

Fig. 2 
Time to locate items in 
7 OTs before and after 

standardization.

OT3 is the Model OR; SD: standard deviation; * indicates statistically significant difference in the 
time before and after standardization
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were critical factors. Hence, ensuring that this resource 
is well designed, appropriately and efficiently utilized 
is critical to the quality of patient care and financial 
productivity9.

Numerous factors constrain OT productivity 
and efficiency, including infrastructure (e.g. available 
storage areas). The manufacturing industry has 
managed their processes to maximize efficiency, 
enhance productivity, decrease personnel costs, reduce 
waste, and increase financial performance15. Recently, 
the focus has shifted from efficiencies gained at the 
production level to efficiencies gained across the entire 
organization. Lean and Six Sigma are 2 methodologies 
used at the work unit and organizational level in 
operating and recovery room settings15,16. These 
methodologies increase efficiency by reducing wasteful 
steps that do not add value to the overall process, 
product or service end user17. Such methodologies 
continually reduce waste, reduce process variation, 
and improve workflow to efficiently produce a product/ 
service perceived to be of high value to those who use 
it11 through the rigorous process metrics collection and 
statistical analysis18. In line with others19, we employed 
the Lean system to improve OT efficiency and quality 
of the service and to reduce waste and unproductive 
times, in order to generate more positive outcomes.

In the USA, researchers used a Six Sigma process 
to decrease turnaround time between general surgery 
cases20. Our findings of improved time utilization 
(from 17.94 sec to 75.19 sec) in accordance with their 
results. Additionally they demonstrated that a decrease 
in turnaround time resulted in increased surgical 
throughput with a resulting positive financial return20. 
Our findings again support such savings, where the 
average time saved by standardizing our OTs for 
anesthesia equipment was 69.5 second per patient, 
which directly translates to an average of 3,198 hours 
per year for the annual case load (18,600 surgeries) we 
encounter in the one hospital we investigated. Given 
that Qatar has seven major hospitals, the financial and 
time resources that could be saved are substantial. 
Indeed, the time lost in searching for anesthetic 
materials and locating various pieces of equipment 
delays and prolongs anesthesia time (time stamp 
from the time a patient is attached to OTs monitor to 
endotracheal extubation) that decreases OT efficiency.

Such time, money and costs savings need to 
be considered, particularly that one hour of OT time 
costs approximately $500, exclusive of supply and 
personnel costs10. OT quality improvement processes 
akin to the one described in this study can lead to cost 
savings based on higher efficiency, with subsequent 
decreases in “wheels in” to “wheels out” time, as 
well as the time where the patient is in the OT to 
end of induction21. Given that OT time utilization 
in a cancer hospital showed that anesthesia-related 
processes contributed to 17% of total OT time, with 
turnover time between cases accounting for 4%22, 
the standardization of quantity, location and type of 
supplies and equipment as decribed in this study are 
critical components. Others confirm such savings, 
where the time spent doing procedures comprised only 
about 40% of the total operational time in a burn OT, 
and besides the procedure itself, the second and third 
largest components of an operation were turnover and 
preparation time, respectively21.

Time saving should not impact patient safety10, 
and is consequently expected to translate to enhanced 
patient safety. In agreement with our findings, others 
used sigma and lean processes to address deficiencies 
in pediatrics anesthesia supply chain and redesign 
the anesthesia cart, and improved their metrics and 
sustained it for one year23, and likewise, research in 
Italy confirmed that implementing a lean system may 
enhance efficiency and service quality to decrease 
waste and unproductive times that would inevitably 
generate a more positive outcomes19.

Conclusion

The presented quality improvement project 
was successful in reducing the time taken to identify 
different supplies, which provided incentives for the 
stakeholders to move forward and a faster pace. From 
the perspective of an anesthesia staff moving from one 
anesthetizing location to another within the corporate, 
the consistencies in the anesthesia equipment and 
supplies locations creates a significantly higher level 
of safety and professionalism.



M.E.J. ANESTH 26 (1), 2019

9RISK ASSESSMENT OF ANESTHESIA EQUIPMENT

References

1. ricHard B, WEiskop J: The American Society of Anesthesiologists 
Claims Project Closed claims project: Have We Learned, How Has 
It Affected Practice, and how will It Affect Practice in the Future? 
Anesthesiology; 1999, 91:552-6.

2. sHort tG, o’rEGan a, JauYasuriYa Jp, roWBottom m, BuckLEY ta, 
oH tE: Improvements in anaesthetic care resulting from a critical 
incident reporting programme. Anaesthesia; 1996, 51:615-21.

3. cassidY cJ, smitH a, arnot-smitH J: Critical incident reports 
concerning anaesthetic equipment: analysis of the UK National 
Reporting and Learning System (NRLS) data from 2006-2008. 
Anaesthesia; 2011, 66(10):879-88.

4. mcLauGHLin mm: A model to evaluate efficiency in operating room 
processes. A dissertation submitted in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy (Nursing) at 
The University of Michigan, 2012. Available at: https://deepblue.lib.
umich.edu/handle/2027.42/96155 (accessed 15 June 2018).

5. aL-saFFar a: Enhancing Operating Theatre Efficiency of Private 
Hospital in Kuwait; Business Management Approach [Masters 
dissertation]. Dublin: Royal College of Surgeons in Ireland, 2011. 
Available at: https://epubs.rcsi.ie/mscttheses/1/ (accessed 15 June 
2018).

6. mErrY aF: Safety in anaesthesia: reporting incidents and learning 
from them. Anaesthesia; 2008, 63:337-9.

7. ASA: Operating room design manual. 2012. Available at: https://
www.asahq.org/resources/resources-from-asa-committees/
operating-room-design-manual (accessed 15 June 2018).

8. cima rr, BroWn mJ, HEBL Jr, moorE r, roGErs Jc, koLLEnGodE a, 
Et aL: Surgical Process Improvement Team, Mayo Clinic, Rochester. 
Use of lean and six sigma methodology to improve operating room 
efficiency in a high-volume tertiary-care academic medical center. J 
Am Coll Surg; 2011, 213(1):83-92.

9. pErkins Jn, cHianG t, ruiz aG, praGEr Jd: Auditing of operating 
room times: a quality improvement project. Int J Pediatr 
Otorhinolaryngol; 2014, 78(5):782-6.

10. GonzaLEz ta, BLuman Em, paLms d, smitH Jt, cHiodo cp: 
Operating Room Time Savings with the Use of Splint Packs: A 
Randomized Controlled Trial. Arch Bone Jt Surg; 2016, 4(1):10-5.

11. scHWEikHart sa, dEmBE aE: The applicability of Lean and Six 
Sigma techniques to clinical and translational research. J Invest 
Med; 2009, 57:748-755.

12. BEndELL t. A review and comparison of Six Sigma and the Lean 
organization. TQM Mag; 2006, 18:255-262.

13. FriEdman dm, sokaL sm, cHanG Y, BErGEr dL: Increasing 
operating room efficiency through parallel processing. Ann Surg; 
2006, 243:10-14.

14. HardEr m, maLanGoni ma, WEiGHt s, sidHu t: Improving 
operating room efficiency through process redesign. Surgery; 2006, 
140:509-514.

15. staHL JE, sandBErG Ws, daiLY B, WikLund r, EGan mt, GoLdman 
Jm, Et aL: Reorganizing patient care and workflow in the operating 
room: a cost-effectiveness study. Surgery; 2006, 139:717-728.

16. sokaL sm, craFt dL, cHanG Y, sandBErG Ws, BErGEr dL: 
Maximizing operating and recovery room capacity in an era of 
constrained resources. Arch Surg; 2006, 141:389-393.

17. oHno t: Toyota production system: beyond large-scale production. 
New York, Productivity Press, 1988.

 Available at:
 https://scholar.google.com/scholar?q=Ohno+Toyota+production+s

ystem:+beyond+largescale+production.+New+York,+Productivity
+Press,+1988&hl=en&as_sdt=0&as_vis=1&oi=scholart (accessed 
15 June 2018).

18. arnHEitEr Ed, maLEYEFF J: Research and concepts: the integration 
of lean management and Six Sigma. TQM Mag; 2005, 175-18.

19. mitELLo L, d’aLBa F, miLito F, monaco c, orazi d, BattiLana d, 
Et aL: [Improving operating room efficiency: an observational and 
multidimensional approach in the San Camillo-Forlanini Hospital, 
Rome]. Prof Inferm; 2017, 70(2):66-75.

20. adams r, WarnEr p, HuBBard B, GouLdinG t: Decreasing 
turnaround time between general surgery cases. JONA; 2004, 
34:140-148.

21. madni td, imran JB, cLark a, arnoLdo Ba, pHELan Ha 3rd, 
WoLF sE: Analysis of Operating Room Efficiency in a Burn Center. 
J Burn Care Res; 2018, 39(1):89-93.

22. ranGanatHan p, kHanapurkar p, divatia Jv: Utilization of 
operating room time in a cancer hospital. J Postgrad Med; 2013, 
59(4):281-3.

23. roBErts, rJ, WiLson aE, QuEzado z: Using Lean Six Sigma 
Methodology to Improve Quality of the Anesthesia Supply Chain in 
a Pediatric Hospital. Anesth Analg; 2017, 124(3):922-924.



11 M.E.J. ANESTH 26 (1), 2019

quality improvement

Does combining inhaleD salbutamol with 
intravenous corticosteroiDs prevent intubation 

provokeD bronchoconstriction? a ranDomizeD trial.

Tarek Shabana*, Sherif aniS** and ahmed ibrahim***

abstract

Background

endotracheal intubation may induce serious bronchoconstriction in patients with bronchial 
hyper-reactivity. although intravenous corticosteroids are used in combination with 𝛽2 agonists 
in the active management of bronchoconstriction, their prophylactic role is still not well defined. 
the aim of this study is to compare between inhaled salbutamol alone, salbutamol + intravenous 
hydrocortisone and salbutamol + intravenous methylprednisolone combinations in preventing 
endotracheal intubation provoked bronchoconstriction in patients with airflow obstruction 
undergoing diagnostic laparoscopic gynecological procedures. 

materials and methods

the study was carried on 45 patients with obstructive airway disease scheduled for diagnostic 
laparoscopic gynecological procedures. patients with Fev1 <80% of predicted and Fev1/Fvc < 
0.7 were included in the study. patients were randomized using computer generated random numbers 
into three groups, 15 patients in each group. Group 1: patients received 0.2 mg salbutamol through 
a meter dose inhaler 10 minutes before intubation. Group 2: in addition to salbutamol, patients 
received two doses of intravenous hydrocortisone 1mg/kg 6 hours and 1 hour before intubation. 
Group 3: in addition to salbutamol, patients received two doses of intravenous methylprednisolone 
1mg/kg 6 hours and 1 hour before intubation. 

results

in group 1 (salbutamol), 7/15 patients (46.66%) developed wheezing after tracheal intubation 
compared to 6/15 patients (40%) in group 2 (salbutamol/hydrocortisone) (p=0.71). wheezing 
developed in 1/15 patients (6.66%) in group 3 (salbutamol/methylprednisolone) which was 
significantly lower when compared to groups 1 (P=0.013) and 2 (P=0.03). There were no significant 
changes between groups as regards peak airway pressures, mean blood pressure and blood glucose 
levels.

* Corresponding author: tarek samir shabana, mD, lecturer, department of anesthesia, Faculty of medicine, ain shams 
university, cairo, egypt, tel: +20 100 159 4109. e-mail:tarek.shabana@hotmail.com

** sherif george anis, mD, assistant professor, department of anesthesia, Faculty of medicine, ain shams university, cairo, 
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Conclusion

combining inhaled salbutamol with intravenous 
methylprednisolone resulted in significantly less 
intubation provoked bronchoconstriction compared 
to salbutamol alone and salbutamol combined with 
hydrocortisone. 

introduction

endotracheal intubation may trigger 
bronchospasm. this may result in life threatening 
ventilation-perfusion mismatch and hypoxia1. patients 
with obstructive airway disease have hyper-reactive 
airways, thus, post-intubation bronchospasm is more 
likely in this group of patients2-4.

bronchial smooth muscle tone is under control of 
the parasympathetic nervous system that also regulates 
inflammatory and allergic airway responses. Following 
endotracheal intubation, postganglionic cholinergic 
fibers release acetylcholine that binds to bronchial M3 
and m2 muscarinic receptors causing smooth muscle 
contraction and inhibiting β2 mediated smooth muscle 
relaxation respectively5.

unfortunately in patients with obstructive airway 
disease, the cholinergic input may be increased or 
dysregulated resulting in airway hyper-reactivity and 
making these patients more liable to intubation induced 
bronchoconstriction. moreover, the non-cholinergic 
non-adrenergic (ncna) innervation that results in 
bronchial smooth muscle relaxation via the release of 
nitric oxide is suppressed in such patients6.

systemic steroids remain a mainstay of the 
treatment of acute bronchospasm. intravenous 
corticosteroids have long been used in combination 
with inhaled 𝛽2 agonists in the active management 
of bronchoconstriction7. however, the prophylactic 
role of this combination in preventing post-intubation 
bronchoconstriction is still not well defined.

the aim of this study was to compare 
inhaled salbutamol alone, inhaled salbutamol + 
iv hydrocortisone and inhaled salbutamol + iv 
methylprednisolone combinations in preventing 
endotracheal intubation provoked bronchoconstriction 
in female patients with obstructive airway disease 

undergoing diagnostic laparoscopic gynecological 
procedures.

patients and methods

after obtaining approval from the ethical 
committee and informed patient consent, this 
prospective randomized double blinded study was 
carried in ain shams university obstetrics and 
gynecology hospital in the time period from January 
2015 to January 2018 on 45 patients with obstructive 
airway disease scheduled for diagnostic laparoscopic 
gynecological procedures.

spirometry was performed for patients with 
history suggestive of hyper-reactive airways (as cough, 
dyspnea and wheezing in response to various stimuli) 
who had no history of steroid intake and not receiving 
bronchodilators for at least one month before. patients 
with Fev1 <80% of predicted value and Fev1/Fvc < 
0.7 were included in the study.

exclusion criteria included smoking, other 
respiratory disorders and patients with active wheezing 
at time of preoperative assessment. patients with 
history of diabetes, hypertension or cardiac disease 
were also excluded from the study.

randomization

patients were randomized using computer 
generated random numbers into three groups, 15 
patients in each group. Group 1: patients received 
salbutamol through a meter dose inhaler (two puffs 
equivalent to 0.2 mg) 10 minutes before intubation. 
Group 2: in addition to salbutamol, patients received 
two doses of intravenous hydrocortisone 1mg/kg 
6 hours and 1 hour before intubation. Group 3: in 
addition to salbutamol, patients received two doses of 
intravenous methylprednisolone 1mg/kg 6 hours and 1 
hour before intubation.

intubation was performed by an anesthesiologist 
with at least three years of experience. the primary 
outcome was the incidence of post-intubation 
wheezing. wheezing was assessed independently by 
the two most senior anesthesiologists in the operating 
theatre. both anesthesiologists were asked to auscultate 
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Fig. 1 
CONSORT Flow Diagram

the lungs bilaterally at baseline and 2 minutes post-
intubation at the mid-axillary, mid-clavicular and 
parasternal lines. Wheezing was defined as high 
pitched expiratory rhonchi8 that were audible at any 
of the auscultation sites. Detection of audible wheezes 
by both anesthesiologists was necessary before 
confirming the presence of wheezes. Anesthesiologists 
performing intubation and auscultation were blinded 
to the study group.

secondary outcomes included peak airway 
pressures displayed by the anesthesia ventilator: 
recorded 1 minute, 5 minutes and 10 minutes post-
intubation, blood glucose and mean blood pressure 

levels recorded before induction of anesthesia then 30, 
60 and 120 minutes after induction of anesthesia.

Anesthetic technique

standard monitors (ecg, pulse oximetry, 
capnography, non-invasive blood pressure) were 
applied to all patients. in all patients anesthesia 
was induced with propofol (1.5 mg/kg), fentanyl 
(2 μg/kg) and rocuronium (0.6mg/kg) followed by 
endotracheal intubation with a 7.5 internal diameter 
cuffed endotracheal tube. anesthesia was maintained 
with sevoflurane in 100% oxygen. All patients were 
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mechanically ventilated with tidal volumes of 8 ml/
kg at a rate of 12 breaths/min and i:e ratios of 1:2.5. 
any anesthetic agents that are accused for triggering 
bronchospasm (as morhine. pethidine and atracurium) 
were avoided, 

patients developing post-intubation wheezing 
were treated by deepening the anesthesia with propofol 
and/or increasing the concentration of sevoflurane 
together with the administration of 4 additional puffs 
of salbutamol (0.4mg) delivered by a meter dosed 
inhaler through the endotracheal tube. an additional 
dose of hydrocortisone 2mg/kg was given to patients 
not responding to inhaled salbutamol. none of the 
patients required further management.

Sample size calculation

in the work of silvanus et al9, 12.5% of the 
patients in the methylprednisolone group developed 
wheezing compared to 77% in the salbutamol group. 
guided by the aforementioned data, the sample size 
was calculated based on study power of 90% (β error 
of 0.1) and type i α error of 0.05. the calculated sample 
size was 15 in each group.

Statistical Analysis

spss statistics (v.210.0, ibm corp., usa 2012) 
was used for data analysis. categorical data (percentage 
of patients developing post intubation wheezing) 
was analyzed using chi-square test. numerical data 

was analyzed using one way analysis of variance 
(anova). student t test was used as the post-hoc 
test if significance was reached. p-value <0.05 was 
considered statistically significant.

results

Demographic data and baseline Forced expiratory 
Volume in first second (FEV1) were comparable 
between the three groups (table 1).

incidence of wheezing

in group 1 (salbutamol), 7/15 patients (46.66%) 
developed wheezing after tracheal intubation compared 
to 6/15 patients (40%) in group 2 (salbutamol/
hydrocortisone) (p=0.71).

wheezing developed in 1/15 patients (6.66%) 
in group 3 (salbutamol/methylprednisolone) which 
was significantly lower when compared to groups 1 
(p=0.013) and 2 (p=0.03) (Figure 2).

in regard to peak airway pressures there were no 
significant differences among the three groups at 1, 5 
and 10 minutes post-intubation (Figure 3).

There were no significant differences among the 
three groups as regards blood glucose and mean blood 
pressure levels at each of the following time intervals: 
t1 (before induction of anesthesia), t2, t3, t4 (30, 
60 and 120 minutes after induction of anesthesia 
respectively) (tables 2 and 3).

Table 1 
Demographic data and baseline FEV1

Salbutamol
(n=15)

Salbutamol/hydrocortisone
(n=15)

Salbutamol/methyl-prednisolone
(n=15)

p-value

age (y) 23(6.8) 27.2(5) 27(4.4) 0.073

weight (kg) 75.9 (10.2) 75.2 (9.5) 81.5(6.9) 0.121

height (m) 1.7 (0.05) 1.69(0.06) 1.73 (0.05) 0.116

Fev1(% predicted) 74.1 (3) 73.2 (2.6) 71.4 (4.2) 0.09

(FEV1: Forced expiratory volume in first second) Data presented as mean (SD).
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Fig. 3 
Peak airway pressures (cmH2O) at 1,5 and 10 minutes after intubation. (Mean + SD)

Fig. 2 
Incidence of post-intubation wheezing

* p<0.05 (salbutamol/methylprednisolone group vs salbutamol group)
** p<0.05 (salbutamol/methylprednisolone group vs salbutamol/hydrocortisone group).
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Discussion

the current study showed that combining inhaled 
salbutamol with intravenous methylprednisolone 
resulted in significantly less intubation provoked 
bronchoconstriction compared to salbutamol alone and 
salbutamol combined with intravenous hydrocortisone 
in patients with obstructive airway disease undergoing 
diagnostic gynecological laparoscopic procedures.

Methylprednisolone has five times the anti-
inflammatory potency of hydrocortisone, with less 
mineralocorticoid properties. concentrations in lung 
parenchyma are higher after the administration of 
methylprednisolone compared to hydrocortisone10. 
the plasma half-life of methylprednisolone is 180 
minutes. hydrocortisone has equal glucocorticoid and 
mineralocorticoid properties with a plasma half-life 

of 90 minutes. the bronchial effects of intravenous 
steroids are not immediate and may not be seen for 4 
to 6 hours after initial administration11. For this reason, 
the pre-induction dose of corticosteroids administered 
in this study was preceded by a similar dose 6 hours 
before.

there are no published recommendations 
concerning prophylactic doses of intravenous steroids 
in the prevention of intubation induced bronchospasm. 
a dose response relationship for corticosteroids has 
not been identified either. Supported by the results of 
previous studies that found no difference in outcome 
between high and low dose corticosteroid doses in 
asthma, minimal corticosteroid doses were used in 
the current study aiming to minimize adverse effects. 
Weight based doses were used rather than fixed 
doses (1mg/kg iv for each of methylprednisolone 

Table 2 
Mean Blood glucose levels

Salbutamol
(n=15)

Salbutamol/hydrocortisone
(n=15)

Salbutamol/methyl-prednisolone
(n=15)

p-value

t1 160.6 (16.5) 178.2 (25.5) 182 (30.8) 0.054

t2 188.4 (20.2) 172.2 (34.6) 190.3 (22.8) 0.136

t3 195.1 (19.4) 184.6 (23.8) 200.4 (20.2) 0.129

t4 192.4 (17.4) 198.2 (22.5) 205.5 (20.6) 0.22

blood glucose levels (mg/dl) at the following time intervals: t1= before induction of anesthesia, t2=30 minutes after induction of 
anesthesia, t3= 60 minutes after induction of anesthesia, t4= 120 minutes after induction of anesthesia. Data presented as mean (sD).

Table 3 
Mean Blood Pressure (MBP)

Salbutamol
(n=15)

Salbutamol/hydrocortisone
(n=15)

Salbutamol/methyl-prednisolone
(n=15)

p-value 

t1 76.8(8.8) 74.2(8.6) 70(8.4) 0.10

t2 78.8(8.4) 82.4(11.8) 80.9 (9.2) 0.61

t3 84.8 (6.2) 84.4 (7.8) 85.5(8.3) 0.92

t4 82.5(7.8) 85.2(11.7) 86.6(7.2) 0.46

mean blood pressure levels (mmhg) at the following time intervals: t1= before induction of anesthesia, t2=30 minutes after induction 
of anesthesia, t3= 60 minutes after induction of anesthesia, t4= 120 minutes after induction of anesthesia. Data presented as mean (sD). 
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and hydrocortisone). Marquette et al12 found 
intravenous methylprednisolone doses of 1 and 6mg/
kg to be comparable in acute severe asthma. the study 
carried by Bowler and his colleagues13 revealed that 
hydrocortisone 50 mg intravenously four times daily 
for two days followed by low dose oral prednisone 
was as effective as 200 or 500 mg of hydrocortisone 
followed by higher doses of prednisone in severe 
asthma.

previous studies have shown preoperative 
𝛽2 agonists to be effective in the prevention of 
intubation induced bronchoconstriction. the study 
carried by Maslow and his coworkers14 showed that 
inhaled albuterol was effective in reducing airway 
responsiveness to endotracheal intubation under 
general anesthesia in asthmatic patients. Groeben et 
al15 came to a conclusion that combined treatment 
with lidocaine and salbutamol can be recommended 
for awake intubation in asthmatic patients. however, 
bronchospasm associated with obstructive lung disease 
is also related to airway inflammation16, thus, making 
the preventive and therapeutic role of 𝛽2 agonists as a 
sole agent in such condition questionable.

in addition to reversing mucosal edema, 
decreasing vascular permeability and inhibiting the 
release of inflammatory mediators17, corticosteroids 
can enhance the bronchodilator effects of β2-adrenergic 
receptor agonists by increasing the number of β2-
receptors18.

the role of systemic corticosteroids in the 
prophylaxis of bronchoconstriction evoked by 
instrumentation of hyper-reactive airways has not been 
extensively studied and studies in this field remain 
scarce.

sylvanus and his colleagues9 carried a 
study on the effect of combining β2 agonists with 
oral corticosteroids for the prevention of post-
intubation bronchospasm. the administration of oral 
methylprednisolone (40 mg orally) for 5 days together 
with inhaled salbutamol improved the lung functions 

and decreased the incidence of wheezing after tracheal 
intubation.

other studies focused on the role of systemic 
steroids in preventing perioperative bronchospasm.

Kabalin and his co-workers19 carried a 
study to determine the incidence of perioperative 
complications in 89 asthmatic patients who received 
preoperative treatment with systemic corticosteroids. 
patients received prednisone 1mg/kg for 3-7 days 
preoperatively along with hydrocortisone 100mg/8h 
perioperatively. only 4.5% of patients developed mild 
postoperative bronchospasm; while 5.6% developed 
postoperative infections of which 2.2%were wound 
infections.

in the work of Matsuse et al20, patients with 
mild asthma undergoing surgery under general 
anesthesia with endotracheal intubation were treated 
with corticosteroids during the perioperative period, 
consisting of a course of oral prednisolone 10-20 mg/
day for 1-2 days pre-operatively, methylprednisolone 
80-125 mg 2 h before the operation, followed by 
80 mg methylprednisolone just after the operation. 
the incidence of perioperative bronchospasm was 
evaluated based on medical records. only 4% of 
patients developed mild asthma during the perioperative 
period. the use of the same therapeutic regimen in 
another six asthmatics significantly suppressed airway 
hyper-responsiveness to inhaled methacholine.

Conclusion

the current study revealed that combining inhaled 
salbutamol with intravenous methylprednisolone 
resulted in significantly less intubation provoked 
bronchoconstriction compared to salbutamol alone and 
salbutamol combined with intravenous hydrocortisone. 

more studies are still needed to assess long 
term outcomes and patients that will benefit from 
preoperative steroid therapy.



18 tarek shabana et. al

references

1. Werner ha: status asthmaticus in children. Chest; 2001, 119:1913-
29.

2. Warner dO, Warner ma, barneS rd, OffOrd kP, SchrOeder dr, 
Gray dT, eT al: perioperative respiratory complications in patients 
with asthma. Anesthesiology; 1996, 85:460-7.

3. Warner dO, Warner ma, OffOrd kP, SchrOeder dr, maxSOn P, 
ScanlOn Pd: airway obstruction and perioperative complications 
in smokers undergoing abdominal surgery. Anesthesiology; 1999, 
90:372-9.

4. eameS WO, rOOke Ga, Wu rS-c, biShOP mJ: comparison of 
the effects of etomidate, propofol, and thiopental on respiratory 
resistance after tracheal intubation. Anesthesiology; 1996, 84:1307-
11.

5. lumb ab, hOrncaSTle e: pulmonary physiology, pharmacology and 
physiology for anesthesia, Foundations and clinical application, 
2nd edition. edited by hemmings h, egan t. elsevier publisher, 
2019, pp. 586-612.

6. cOTT Gd, fryer ad: role of parasympathetic nerves and 
muscarinic receptors in allergy and asthma. Chem Immunol 
Allergy; 2012, 98:48-69.

7. alanGari aa: corticosteroids in the treatment of acute asthma. Ann 
Thorac Med; 2014, 9(4):187-192.

8. murray Jf: history and physical examination, textbook of 
respiratory medicine. edited by murray JF, nadel Ja. philadelphia-
saunders publisher, 1988, p. 443.

9. SilvanuS mT, GrOeben h, PeTerS J: corticosteroids and inhaled 
salbutamol in patients with reversible airway obstruction markedly 
decrease the incidence of bronchospasm after tracheal intubation. 
Anesthesiology; 2004, 100:1052-7.

10. GreOS lS, vichyanOnd P, blOedOW dc, irvin cG, larSen 
Gl, Szefler SJ, eT al: methylprednisolone achieves greater 
concentrations in the lung than prednisolone, a pharmacokinetic 

analysis. Am Rev Respir Dis; 1991, 144:586-92.
11. STeven k: adrenal cortical steroids. Drug Facts and comparisons, 

Fifth edition. st. louis Facts and comparisons publisher, 1997, pp. 
122-128.

12. marqueTTe ch, STach b, cardOT e, bervar Jf, Saulnier f, lafiTTe 
JJ, eT al: high-dose and low-dose systemic corticosteroids are 
equally efficient in acute severe asthma. Eur Respir J; 1995, 8:22-7.

13.bOWler Sd, miTchell ca, armSTrOnG JG: corticosteroids in acute 
severe asthma: effectiveness of low doses. Thorax; 1992, 47(8):584-
7.

14. maslow aD,  regan mm, israel e, Darvish a,  mehrez m,  
boughton r et al. inhaled albuterol, but not intravenous lidocaine, 
protects against intubation-induced bronchoconstriction in asthma. 
anesthesiology 2000; 93(5):1198-204.

15. GrOeben h, SchlichT m, STieGliTz S, PavlakOvic G, PeTerS J: 
Both local anesthetics and salbutamol pretreatment affect reflex 
bronchoconstriction in volunteers with asthma undergoing awake 
fiberoptic intubation. Anesthesiology; 2002, 97:1445-50.

16. anGeliS n, POrPOdiS k, zarOGOulidiS P, SPyraTOS d, kiOumiS i, 
PaPaiWannOu a, eT al: Airway inflammation in chronic obstructive 
airway disease. J Thorac Dis; 2014, 6(suppl 1):167-172.

17. TOWnley rG, Suliaman f: the mechanism of corticosteroids in 
treating asthma. Ann Allergy; 1987, 58(1):1-6.

18. TaylOr dr, hancOx rJ: Interactions between corticosteroids and β 
agonists. Thorax; 1999, 55:595-602.

19. kabalin cS, yarnOld Pr, Grammer lc: low complication rate of 
corticosteroid-treated asthmatics undergoing surgical procedures. 
Arch Intern Med; 1995, 155(13):1379-84.

20. maTSuSe h, ShimOda T, machida i, kaWanu T, TOmari S, fukuShima 
c, eT al. perioperative corticosteroids for intermittent and mild 
persistent asthma. Allergology international; 2002, 51(3):185-190.



19 M.E.J. ANESTH 26 (1), 2019

Pre-surgical caudal block and incidence 
of PostoPerative nausea and vomiting 

after Pediatric orchioPexy

Deepak Gupta1, Sankar Dharma rajan2, maria markakiS ZeStoS2, 
BaSSam jwaiDa2, Divya mukhija2, kriStina D. SuSon3 

anD yeGappan LakShmanan3

Acknowledgement

the authors are indebted to Jack s. elder, md, chief, division of Pediatric urology, 
massachusetts general hospital for children, boston, massachusetts, united states for his clinical 
support to our clinical research during his tenure as pediatric urologist at children’s hospital of 
michigan, detroit, michigan, united states.

Abstract

Background: the primary aim of studies comparing pediatric caudal block with alternative 
techniques has always been to assess pain relief as the primary outcome, while the results about 
nausea/retching/vomiting are either missing or incomplete or relegated to secondary outcome. 
Objectives: To compare pre-surgical caudal blocks with post-surgical incisional field blocks in 
terms of whether pre-surgical caudal block would reduce the incidence of post-operative nausea/
retching/vomiting in pediatric patients undergoing testicular surgery.

Materials and Methods: boys aged 8-years or less (i.e., including infants) presenting 
for orchiopexy at our children’s hospital were included in our prospective randomized research 
study. Pre-surgical caudal block participants received a standard caudal block with 1ml/kg 0.25% 
bupivacaine solution after induction of anesthesia but before initial skin incision while post-surgical 
incisional field block participants received a standard incisional field block with 1ml/kg 0.25% 
bupivacaine after completion of surgical procedure. the following were compared between the 
two groups: age, body mass index, durations of anesthesia and surgery, side and site of testicular 
surgery and location of incision, postoperative nausea/retching/vomiting scores and use of anti-
emetics and analgesics as elicited on follow-up telephone calls to the parents on first and second 
postoperative days..

Results: a total of 90 participants’ data was analyzed with 45 patients in each group. although 
statistically insignificant (p=0.37), there was a clinically relevant less incidence of analgesics’ use 
among caudal block group participants (62%) compared to post-surgical incisional field block 

1 department of anesthesiology, harper university hospital, detroit medical center, detroit, michigan, united states.
2 department of Pediatric anesthesiology, children’s hospital of michigan, detroit medical center, detroit, michigan, 

united states.
3 Department of Pediatric Urology, Children’s Hospital of Michigan, Detroit Medical Center, Detroit, Michigan, United 

states.
 * Corresponding Author: dr. deepak gupta, clinical assistant Professor, anesthesiology, Wayne state university/detroit 

Medical Center. Box No. 162, 3990 John R, Detroit, MI 48201, United States. Ph: 1-313-745-7233; Fax: 1-313-993-3889. 
email: dgupta@med.wayne.edu



20 deePak guPta et. al

group participants (73%). Eighty-percent participants 
in caudal block group did not report nausea/retching/
vomiting while only 64% participants in post-surgical 
incisional field group did not report nausea/retching/
vomiting (P=0.16). Even among the participants who 
were taking emetogenic codeine, decreased incidence 
of nausea/retching/vomiting among caudal block group 
participants (18%) compared to post-surgical incisional 
field block group participants (42%) was clinically 
relevant despite being statistically insignificant 
(P=0.37). Finally, caudal block significantly decreased 
the incidence of nausea/retching/vomiting among those 
participants who had undergone bilateral scrotal and/or 
inguinal incisions (P=0.04) even when such surgeries 
had significantly longer duration (P<0.001) compared 
to the surgeries with unilateral scrotal incision.

Conclusion: On the first postoperative day 
among boys who had undergone bilateral scrotal and/
or inguinal incisions for orchiopexy, a pre-surgical 
caudal block significantly decreased the incidence of 
nausea/retching/vomiting compared to post-surgical 
incisional field block.

Keywords: Postoperative Nausea And Vomiting; 
Caudal Block; Incisional Field Block; Pediatric 
Orchiopexy; Antiemesis.

Introduction

caudal block has evolved as standard of care for 
pediatric patients undergoing testicular surgeries1-6. 
the primary aim of studies comparing pediatric 
caudal block with alternative techniques has always 
been to assess pain relief as the primary outcome7-10, 
while the results about nausea/retching/vomiting are 
either missing or incomplete or relegated to secondary 
outcome. bansal et al. demonstrated paravertebral 
block-induced reduction in nausea/vomiting among 
breast surgery patients11. this inspired publication of 
personal opinion by a co-author of our current study 
– dg – in 2012 proposing and making the case for 
antiemetic role of regional blocks, such as caudal 
block, performed preemptively before surgical 
manipulation of organs12. thereafter, our team deemed 
it appropriate to evaluate the effects of caudal block on 
incidence and severity of nausea/retching/vomiting as 
the primary outcome presuming that caudal block can 

interrupt autonomic and somatic neural outflow from 
surgically manipulated testes.

the objective for this prospective study was to 
compare pre-surgical caudal blocks (performed by 
anesthesiologists) with post-surgical incisional field 
blocks (performed by surgeons) in terms of whether 
pre-surgical caudal block would reduce the incidence 
of post-operative nausea/retching/vomiting in pediatric 
patients undergoing testicular surgery.

Materials and Methods

after institutional review board approval and 
written informed parental consent with additional 
oral assent from 7-8 year-olds themselves, boys aged 
8-years or less (i.e., including infants) presenting 
for orchiopexy at our children’s hospital were 
included in our prospective randomized double-blind 
research study to compare the anti-emetic effects 
of pre-surgical caudal blocks with post-surgical 
incisional field blocks. Only boys aged 8-years or 
less who presented for orchiopexy with or without 
orchiectomy/inguinal hernia repair/hydrocelectomy 
were included in our study. Patients who presented 
for laparoscopic orchiopexy were excluded. other 
exclusion criteria were: parental refusal for blocks 
(pre-surgical caudal or post-surgical incisional field), 
history of hypersensitivity to local anesthetics, and 
patient pathophysiology contraindicating caudal 
block placement such as local site skin infection, 
coagulopathy, spine abnormalities and unstable 
hemodynamics.

based on a computer generated number list, 
research participants were randomized into one of two 
groups. group 1 (Pre-surgical caudal block): after 
induction of anesthesia but before initial skin incision, 
research participant received a standard caudal block 
with 1ml/kg 0.25% bupivacaine solution limiting 
maximum dose to 20ml. group 2 (Post-surgical 
incisional field block): After completion of surgical 
procedure, research participant received a standard 
incisional field block with 1ml/kg 0.25% bupivacaine 
solution limiting maximum dose to 20ml.

a standard anesthesia technique was used for 
all research participants. for standard caudal block 
after the induction of anesthesia and endotracheal 
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intubation for maintenance of general inhalational 
anesthesia, the research participant was placed in 
the left lateral decubitus position with both knees 
apposing his chest. an assistant helped in sustaining 
this position. a short bevel 22-gauge 5 cm needle 
attached to medication filled 20ml syringe (maximum 
dose of 0.25% bupivacaine being 20ml) was used for 
injection. a longitudinal ultrasonographic view of the 
caudal space with hockey stick probe was achieved 
to appreciate the sacral hiatus between the two sacral 
cornua. under sterile conditions, the needle was 
advanced to the caudal space just anterior to the sacral 
hiatus. at the entry inside the caudal space, a distinct 
pop was appreciated and the spread of medication in 
caudal space per ultrasonographic view was recorded 
as successful caudal block.

For standard post-surgical incisional field 
block after completion of surgical procedure, local 
subcutaneous infiltration of the medication was 
completed along the open skin margins of the inguino-
scrotal incision with 25-gauge needle attached to 20ml 
syringe (maximum dose of 0.25% bupivacaine being 
20ml).

as our data collection was focused primarily on 
eliciting blocks’ anti-emetic effects (if any) in contrast 
to prior studies primarily eliciting blocks’ analgesic 
effects, only following were observed, recorded and 
compared between the two groups: age, body mass 
index, durations of anesthesia and surgery, side and 
site of testicular surgery and location of incision, 
postoperative nausea/retching/vomiting scores and use 
of anti-emetics and analgesics as elicited on follow-
up telephone calls to the parents on first and second 
postoperative days. study participation was deemed as 
completed after telephone follow-up calls.

Postoperative nausea/retching/vomiting score 
was adapted from bhatnagar et al13.

- score 1: no postoperative nausea/retching/
vomiting

- score 2: retching only (as young ones cannot 
vocalize about nausea)

- Score 3: Vomiting once

- score 4: multiple vomiting(s)

Statistical Analysis

chi square tests and fisher exact test compared 
proportions while analysis of variance compared 
continuous data to elicit the significance level at 
P<0.05. Regarding the primary outcome, it was 
hypothesized that post-surgical incisional field block 
group would have 70% incidence of nausea/retching/
vomiting while caudal block group would have 40% 
incidence of nausea/retching/vomiting. therefore, 
for this hypothesized medium effect 30% reduction 
in incidence of nausea/retching/vomiting with caudal 
block, 56 research participants were required in 
each group to achieve statistical power of 90%. the 
calculated sample size was rounded up to 60 research 
participants in each group to accommodate the 
unexpected exclusion of research participants from the 
final analysis.

Results

Over a three year time period (2013-2016), a total 
of 120 research participants were consented. among 
them, a total of 30-participants were excluded from 
the final analysis: 13-participants had consent form 
discrepancies; 12-participants required changes in 
peri-operative methods beyond the approved research 
methods; and 5-participants had incomplete telephone 
data collection. For the final analysis, 90 participants’ 
data was available with 45 participants in each group 
with achievable statistical power remaining >80% 
despite excluded participants. table 1 presents the 
summary data of these participants. caudal blocks were 
completed in 1-attempt (median); however, only 20% 
participants had documented evidence of ultrasound 
confirmation plus clinical evidence confirming 
effective caudal block. although statistically 
insignificant (p=0.37), there was a clinically relevant 
less incidence of analgesics’ use among caudal block 
group participants (62%) compared to post-surgical 
incisional field block group participants (73%) (Table 
2). As shown in Table 3, 80% participants in caudal 
block group did not report nausea/retching/vomiting 
while only 64% participants in post-surgical incisional 
field group did not report nausea/retching/vomiting 
(P=0.16). Even among the participants who were 
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Discussion

The key findings in our study were that (a) caudal 
blocks performed after induction of general anesthesia 
prolonged total anesthesia duration as compared 
to incisional field blocks performed at the end of 
surgery, (b) ultrasound use to guide caudal block 
and to preemptively confirm its efficacy was new 
for our team precluding its appropriate and confident 
use by our team14, (c) codeine use was very common 
among our pediatric patients before codeine use 

deePak guPta et. al

Table 1 
Demographics and Summary of Patients’ Characteristics.

Characteristic Caudal Block 
Group (n=45)

Post-Surgical Incisional 
Field Block (n=45)

P-Value

age (in months) 43 ±30.2 35.8 ±30 0.26
body mass index (kg/m2) 17.3 ±2.9 18.6 ±6.2 0.23
duration of anesthesia (in minutes) 89.5 ±22.2 76.6 ±19 0.004
duration of surgery (in minutes) 44.8 ±19.2 40.8 ±17.4 0.3
difference in durations of anesthesia and surgery (in minutes) 44.7 ±12.1 35.8 ±8.1 <0.001
surgery performed bilaterally (%) 22% 16% 0.59
Postoperative nausea vomiting score on first postoperative day 
overall

1.4 ±0.8 1.6 ±0.9 0.22

Postoperative nausea vomiting score on first postoperative day 
when taking codeine for pain

1.3 ±0.6
(n=11)

1.8 ±1
(n=12)

0.18

Postoperative nausea vomiting score on first Postoperative 
day When taking only acetaminophen or ibuprofen for Pain

1.5 ±1.1
(n=17)

1.5 ±0.9
(n=21)

0.87

Postoperative nausea vomiting score on first postoperative day 
when taking no medication for pain

1.3 ±0.7
(n=17)

1.7 ±0.9
(n=12)

0.21

Postoperative nausea vomiting score on second postoperative 
day

1 ±0
(n=44)

1 ±0.3
(n=43)

0.31

Table 2 
First Postoperative Day Telephone Call Elicited Frequency of Analgesic Use.

first postoperative day telephone call caudal block 
group
(n=45)

Post-surgical incisional 
field block group

(n=45)

P-value

Patients taking codeine for Pain [n(%)] 11 (24%) 12 (27%)

0.51Patients taking only acetaminophen or ibuprofen for Pain [n(%)] 17 (38%) 21 (47%)

Patients taking no medication for Pain [n(%)] 17 (38%) 12 (27%)

total [n(%)] 45 (100%) 45 (100%)

taking emetogenic codeine, decreased incidence of 
nausea/retching/vomiting among caudal block group 
participants (18%) compared to post-surgical incisional 
field block group participants (42%) was clinically 
relevant despite being statistically insignificant 
(P=0.37). Finally, caudal block significantly decreased 
the incidence of nausea/retching/vomiting among those 
participants who had undergone bilateral scrotal and/
or inguinal incisions (P=0.04; Statistical Power=60%) 
even when such surgeries had significantly longer 
duration (P<0.001) compared to the surgeries with 
unilateral scrotal incision as shown in table 4.
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Table 3 
First Postoperative Day Telephone Call Elicited Frequency of Nausea/Retching/Vomiting.

First postoperative day telephone call Percent Patients Reporting 
Nausea/Retching/

Vomiting(s) In Caudal 
Block Group

Percent Patients Reporting 
Nausea/Retching/Vomiting(s) 

In Post-Surgical Incisional 
Field Block Group

P-Value

among patients who were taking codeine 
for pain

18%
(n=11)

42%
(n=12)

0.37

among Patients Who Were taking only 
acetaminophen or ibuprofen for Pain

24%
(n=17)

29%
(n=21)

>0.99

among patients who were taking no 
medication for pain

18%
(n=17)

42%
(n=12)

0.22

overall 20%
(n=45)

36%
(n=45)

0.16

Table 4 
Association of Surgical Incision’s Location with Duration of Surgery and First Postoperative Day Nausea/Retching/Vomiting.

Duration of surgery
(in minutes)

Caudal Block Group
(n=45)

Post-Surgical Incisional 
Field Block Group

(n=45)

P-Value

unilateral scrotal incision 34.6 ±12.6
(n=23)

29.9 ±9.4
(n=20)

0.17

other incisions (bilateral-scrotal/ inguino-scrotal/
inguinal incisions)

55.5 ±19.3
(n=22)

49.6 ±17.5
(n=25)

0.28

P-value <0.001 <0.001

Percent patients reporting nausea/retching/vomiting(s)
On first postoperative day 

caudal block group
(n=45)

Post-surgical incisional 
field block group

(n=45)

P-value

unilateral scrotal incision 30%
(n=23)

35%
(n=20)

>0.99

other incisions (bilateral-scrotal/ inguino-scrotal/
inguinal incisions)

9%
(n=22)

36%
(n=25)

0.04

P-value 0.13 >0.99
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became contraindicated for pediatric pain (and cough) 
management, and (d) compared to incisional field block, 
decreased incidence of nausea/retching/vomiting with 
caudal block achieved statistical significance among 
participants undergoing orchiopexy via bilateral 
scrotal and/or inguinal incisions.

there may be a possible explanation for 
differences observed between unilateral scrotal 
incisions vs. bilateral scrotal and/or inguinal incisions 
(table 4). delayed onset of caudal block might 
have interfered with complete blockade of sacral 
dermatomal segment neural outflow after unilateral 
scrotal incisions. therefore, decreased incidence of 
nausea/retching/vomiting with caudal block might 
not have achieved statistical significance among 
shorter duration testicular surgeries after unilateral 
scrotal incisions. contrarily, lumbar dermatomal 
segment and autonomic neural outflow after inguinal 
incisions might have been comprehensively blocked 
with primary spread of caudal block15. moreover, by 
the time of second scrotal incisions, local anesthetics 
might have secondarily spread craniocaudally to 
eventually block autonomic and sacral dermatomal 
segment neural outflow16.

unlike the practice of routinely prescribing 
analgesics to all postoperative patients, anti-emetics 
were not automatically prescribed to all postoperative 
patients which precluded the objective assessment 
of severity of nausea/retching/vomiting in terms 
of rescue anti-emetic use. antiemesis is always 
relegated to secondary importance as compared to 
analgesia especially because acute postoperative pain 
has remained very common despite implementing 
universal postoperative pain management protocols17-20. 
although postoperative nausea/retching/vomiting is 
not as common as pain, it commonly occurs among 
30%-80% postsurgical patients21. still anti-emetics 
are not automatically prescribed to postsurgical 
patients unlike routine prescriptions for analgesics to 
postsurgical patients as seen during our study.

bramwell et al. (1982) reported that 18% 
inpatients aged 1-12 years vomited 2-8 hours after 
caudal block for circumcision, inguinal herniotomy or 
orchiopexy1. fell et al. (1988) reported that vomiting 
at home after caudal block (20%) was similar as after 
wound infiltration (28%) among unilateral inguinal 

herniotomy patients7. lafferty et al. (1990) did not 
investigate the differences in emesis after caudal block 
or wound instillation (bupivacaine underneath external 
oblique aponeurosis) for unilateral orchiopexy although 
they reported that wound instillation significantly 
decreased operation time while providing analgesia 
equivalent to caudal block2. schindler et al. (1990) 
did not find any difference in the incidence of early 
postoperative vomiting (first 4-hours) after caudal 
block (19%) or wound infiltration (22%) for unilateral 
inguinal herniotomy8. ho and keneally (2000) 
compared orchiopexy patients with herniotomy patients 
wherein all study patients received ilioinguinal nerve 
block and/or wound infiltration for analgesia4. they 
found that although orchiopexy patients complained 
more pain after discharge to home, incidence of 1-2 
vomits (23%-28%) was similar after orchiopexy or 
herniotomy. in their review and meta-analysis, baird 
et al. (2013) did not document anything about nausea/
retching/vomiting except for a fleeting mention about 
nausea and vomiting as a complication after caudal 
block compared to other analgesic techniques used for 
inguinal hernia surgeries9. however, shanthanna et al. 
(2014) in their review and meta-analysis investigated 
the incidence of nausea-vomiting after caudal block 
compared to wound infiltration and reported them 
to be similar with statistically insignificant relative 
risk (RR=0.77; [0.36, 1.64])10. compared to the 
abovementioned studies performed over last four 
decades, our study demonstrated higher incidence of 
nausea/retching/vomiting at home after incisional field 
block (36%) and lower incidence of nausea/retching/
vomiting at home after caudal block (9%) (table 4).

the core concept inspiring our research was that 
surgical dissection related unavoidable manipulation 
of sensitive organs like eye globe, breasts and testicles 
leads to neural outflow that induces discomforting 
nausea/retching/vomiting. to interrupt this neural 
outflow, these sensitive organs may need to be loco-
regionally anesthetized so that these postsurgical 
patients have reduced incidence of nausea/retching/
vomiting. However, this interruption in neural outflow 
has to be preemptively performed before the surgical 
dissection has been initiated because post-surgical 
interventions may not undo these effects (oculo-
cardiac, mammo-vagal and orchio-vagal) after these 
organs have already been surgically handled and 
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manipulated intraoperatively11-12,22-24.

our research primarily focused on the telephone 
call data points because our aim was to delve into the 
incidence of nausea/retching/vomiting and rescue anti-
emetic/analgesic use during the initial 48-hours upon 
discharge to home after outpatient pediatric testicular 
surgery. Although pre-surgical incisional field blocks 
were not included in our research methods because 
they are not standard procedures for pediatric testicular 
surgeries at our institution25, it will be interesting to see 
in the future if there is any preemptive anti-emetic role 
of pre-surgical incisional field blocks during testicular 
surgeries as similar to anti-emetic role of preemptively 
performed caudal blocks.

it was interesting to note that because of the 
extended three year period (2013-2016) over which the 
patients were enrolled into our study, 26% participants 
used codeine on first postoperative day because they 
were enrolled during the first half of three year period. 
codeine’s consumption by participants changed 
during the second half of three year period because 
codeine prescription among postsurgical pediatric 
patients was abandoned per our updated intra-&-
inter-departmental policy when u.s. food & drug 
administration (fda) introduced a warning against 
codeine use in children undergoing tonsillectomy 

and/or adenoidectomy (2013) and followed up with 
statement for ongoing evaluation against codeine use 
as analgesic and antitussive in children younger than 
18 years (2015) before finally contraindicating codeine 
use as analgesic and antitussive in children younger 
than 12 years (2017)26-28.

there were few limitations to our current study. 
due to the reasons elicited in our results section, thirty 
participants were excluded which could have been 
avoided. the data from all 120 participants could have 
increased our study’s statistical power and our results’ 
validity. moreover, instead of post-surgical incisional 
field block, pre-surgical incisional field block might 
have provided better comparison for pre-surgical 
caudal block.

Conclusion

On the first postoperative day among boys 
who had undergone bilateral scrotal and/or inguinal 
incisions for orchiopexy, a pre-surgical caudal block 
significantly decreased the incidence of nausea/
retching/vomiting compared to post-surgical incisional 
field block.



26 deePak guPta et. al

References

1. BramweLL rG, BuLLen C, raDforD p: caudal block for postoperative 
analgesia in children. Anaesthesia; 1982, 37:1024-8.

2. Lafferty pm, GorDon nh, winninG tj: a comparison of 
postoperative pain relief techniques in orchidopexy. Ann R Coll Surg 
Engl; 1990, 72:7-8.

3. Brown tC, eyreS rL, mCDouGaLL rj: local and regional 
anaesthesia in children. Br J Anaesth; 1999, 83:65-77.

4. ho D, keneaLLy jp: analgesia following paediatric day-surgical 
orchidopexy and herniotomy. Paediatr Anaesth; 2000, 10:627-31.

5. honG jy, han Sw, kim wo, Cho jS, kiL hk: a comparison of 
high volume/low concentration and low volume/high concentration 
ropivacaine in caudal analgesia for pediatric orchiopexy. Anesth 
Analg; 2009, 109:1073-8.

6. marjanoviC v, BuDiC i, SteviC m, SimiC D: a comparison of three 
different volumes of levobupivacaine for caudal block in children 
undergoing orchidopexy and inguinal hernia repair. Med Princ 
Pract; 2017, 26:331-6.

7. feLL D, DerrinGton mC, tayLor e, wanDLeSS jG: Paediatric 
postoperative analgesia. a comparison between caudal block and 
wound infiltration of local anaesthetic. Anaesthesia; 1988, 43:107-
10.

8. SChinDLer m, Swann m, CrawforD m: a comparison of 
postoperative analgesia provided by wound infiltration or caudal 
analgesia. Anaesth Intensive Care; 1991, 19:46-9.

9. BairD r, GuiLBauLt mp, teSSier r, anSermino jm: a systematic 
review and meta-analysis of caudal blockade versus alternative 
analgesic strategies for pediatric inguinal hernia repair. J Pediatr 
Surg; 2013, 48:1077-85 .

10. Shanthanna h, SinGh B, Guyatt G: a systematic review and 
meta-analysis of caudal block as compared to noncaudal regional 
techniques for inguinal surgeries in children. Biomed Res Int; 2014, 
2014:890626.

11. BanSaL p, Saxena kn, taneja B, Sareen B: a comparative 
randomized study of paravertebral block versus wound infiltration 
of bupivacaine in modified radical mastectomy. J Anaesthesiol Clin 
Pharmacol; 2012, 28:76-80.

12. Gupta D: regional blocks for pre-emptive anti-emesis. J 
Anaesthesiol Clin Pharmacol; 2012, 28:535-6.

13. BhatnaGar S, Gupta D, miShra S, Srikanti m, SinGh m, arora 
r: Preemptive antiemesis in patients undergoing modified radical 
mastectomy: oral granisetron versus oral ondansetron in a double-
blind, randomized, controlled study. J Clin Anesth; 2007, 19:512-6.

14. ahiSkaLioGLu a, yayik am, ahiSkaLioGLu eo, ekinCi m, GöLBoyu 
Be, CeLik eC, et aL: ultrasound-guided versus conventional 
injection for caudal block in children: a prospective randomized 
clinical study. J Clin Anesth; 2018, 44:91-6.

15. Sinha C, kumar a, Sharma S, SinGh ak, majumDar S, kumar a, et 
aL: ultrasound assessment of cranial spread during caudal blockade 
in children: effect of different volumes of local anesthetic. Saudi J 
Anaesth; 2017, 11:449-53.

16. LunDBLaD m, ekSBorG S, LönnqviSt pa: secondary spread of 
caudal block as assessed by ultrasonography. Br J Anaesth; 2012, 

108:675-81.
17. BuvanenDran a, fiaLa j, pateL ka, GoLDen aD, moriC m, kroin 

jS: the incidence and severity of postoperative pain following 
inpatient surgery. Pain Med; 2015, 16:2277-83.

18. Gan tj: Poorly controlled postoperative pain: prevalence, 
consequences, and prevention. J Pain Res; 2017, 10:2287-98.

19. wiLLiamS G, BeLL G, BuyS j, moriarty t, pateL a, SunDerLanD 
r, et aL: the prevalence of pain at home and its consequences in 
children following two types of short stay surgery: a multicenter 
observational cohort study. Paediatr Anaesth; 2015, 25:1254-63.

20. moSSetti v, BoretSky k, aStuto m, LoCateLLi BG, ZurakowSki D, 
Lio r, et aL: Persistent pain following common outpatient surgeries 
in children: a multicenter study in italy. Paediatr Anaesth; 2018, 
28:231-6.

21. feinLeiB j, kwan Lh, yamani a: Postoperative nausea and vomiting. 
edited by holt nf, davidson a, crowley m. uptodate. Waltham, 
ma: uptodate inc. last updated september 25, 2018. available 
at: https://www.uptodate.com/contents/postoperative-nausea-and-
vomiting accessed on may 6, 2019.

22. Coveney e, weLtZ Cr, GreenGraSS r, iGLehart jD, LeiGht GS, 
SteeLe Sm, et aL: use of paravertebral block anesthesia in the 
surgical management of breast cancer: experience in 156 cases. Ann 
Surg; 1998, 227:496-501.

23. khurana i, Sharma r, khurana ak: experimental study of 
oculocardiac reflex (OCR) with graded stimuli. Indian J Physiol 
Pharmacol; 2006, 50:152-6.

24. menneLLa ja, pepino my: breast pumping and lactational state 
exert differential effects on ethanol pharmacokinetics. Alcohol; 
2010, 44:141-8.

25. oLanipekun So, aDekoLa oo, DeSaLu i, kuShimo ot: the effect 
of pre-incision field block versus post-incision inguinal wound 
infiltration on postoperative pain after paediatric herniotomy. Open 
Access Maced J Med Sci; 2015, 3:666-71.

26. fda drug safety communication: safety review update of 
codeine use in children; new boxed warning and contraindication 
on use after tonsillectomy and/or adenoidectomy. last updated 
February 20, 2013. Available at: http://wayback.archive-it.
org/7993/20170722185707/https:/www.fda.gov/Drugs/DrugSafety/
ucm339112.htm Accessed on May 6, 2019.

27. FDA Drug Safety Communication: FDA evaluating the potential 
risks of using codeine cough-and-cold medicines in children. last 
updated July 1, 2015. available at: https://www.fda.gov/drugs/
drug-safety-and-availability/fda-drug-safety-communication-
fda-evaluating-potential-risks-using-codeine-cough-and-cold-
medicines accessed on may 6, 2019.

28. fda drug safety communication: fda restricts use of prescription 
codeine pain and cough medicines and tramadol pain medicines in 
children; recommends against use in breastfeeding women. Last 
updated April 20, 2017. Available at: https://www.fda.gov/drugs/
drug-safety-and-availability/fda-drug-safety-communication-fda-
restricts-use-prescription-codeine-pain-and-cough-medicines-and 
accessed on may 6, 2019.



27 M.E.J. ANESTH 26 (1), 2019

case report

DecreaseD lumbar Disk bulging after 
enDoscopic laminectomy for Decompression anD 

raDiofrequency annuloplasty

Osama Nezar KashlaN1a, hyeuN suNg Kim2a*, 
raviNdra siNgh2 aNd yONg zhaNg3

abstract

Background: numerous novel technologies introduced by pain specialists to treat lumbar 
disk herniations rely on decreasing the size of the disk herniation without creating a large annular 
defect. 

case presentation: a patient with a soft, contained l4-5 disk herniation underwent an 
endoscopic laminectomy and planned discectomy. During the discectomy portion of the procedure, 
no annular defect was found and an annuloplasty was performed instead with a drastic improvement 
in the size of the disk bulge radiographically. 

conclusion: soft, contained disk herniations causing mild mass effect on neural structures 
can be decreased in size by radiofrequency annuloplasty.

Background

numerous technologies have been introduced by pain specialists to treat lumbar disk 
herniations as alternative options to traditional discectomies1-3. these procedures, performed by 
pain anesthesiologists, physiatrists, or spine surgeons, rely on blind decompression, nucleoplasty, 
or annuloplasty with the goal of decreasing the size of the disk herniation and subsequently 
decompressing the neural elements without creating a large annular defect. Decreasing the size of 
or eliminating an iatrogenic annular defect theoretically decreases the chance for disk herniation 
recurrence. unfortunately even though theoretically plausible options, none of the alternative 
methods above have been effective enough to replace discectomies as the treatment of choice 
in patients who exhaust conservative measures. in this case report, we describe the radiographic 
improvement of an l4-5 disk bulge on magnetic resonance imaging (mri) after endoscopic 
radiofrequency annuloplasty with the goal of demonstrating that annuloplasty can indeed 
decrease the size of a disk bulge significantly. This information can serve as a basis for future 
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novel non-surgical technologies that aim to treat soft, 
contained disk herniations with shrinking rather than 
discectomies.

case presentation

A 41-year-old female with no significant past 
medical history presented with chronic back pain and 
bilateral leg pain. Her pain was managed medically 
until 6 months prior to our visit when her pain became 
intractable to conservative measures. on examination, 
she was neurologically intact. an mri scan performed 
13 days prior to her operation demonstrated a 
contained disk herniation at l4-5 causing bilateral 
lateral recess stenosis and mild mass effect on the 
descending l5 nerve roots (fig. 1). she was therefore 
offered an endoscopic bilateral l4-5 decompression 
via a right-sided approach with initial plans to perform 
a discectomy after the decompressive laminectomy.

on the day of operation, the patient was 
positioned prone on a Wilson frame. a combination 
of conscious sedation and epidural anesthesia was 
utilized. The first stage of the operation involved 
performing an l4-5 diskogram with indigo carmine 

(korea united pharmaceutical, yoenki, republic 
of korea) to assist in intraoperative visualization 
of any annular defect present. the next step of the 
operation was to perform a percutaneous endoscopic 
spinal stenosis lumbar decompression as described 
previously.4 after the decompression as we approached 
the disk space to perform a diskectomy, there was no 
annular defect seen and the bilateral l5 roots were 
adequately decompressed dorsally. there was indigo 
carmine dye seen behind thin portions of the annulus, 
a sign of disk degeneration (fig. 2). therefore instead 
of performing a discectomy and inducing an iatrogenic 
annular defect, we performed an annuloplasty with a 
trigger-flex® radiofrequency probe (elliquence, new 
york, usa). technically what this entailed is ablation 
of all degenerated areas in the annulus, signified by 
the indigo carmine dye beneath the outer layers with 
the radiofrequency probe, utilizing quick millisecond 
pulse treatment. postoperatively, the patient had 
complete improvement of her radiculopathy and 
back pain with the exception of some incisional pain. 
Her postoperative mri 1 day after her operation 
demonstrated significantly decreased size of her disk 
bulge (fig. 3).

Fig. 1 
A: Preoperative sagittal T2 MRI demonstrating an L4-5 contained disk herniation contained with associated T2 signal posteriorly; 

B: Preoperative axial T2 MRI demonstrating broad based L4-5 disk herniation causing mass effect on the descending bilateral L5 nerve roots
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Fig. 2 
Intraoperative photo demonstrating the degeneration present in the annulus, as signified by the indigo carmine dye staining, and the 

use of the radiofrequency probe in performing an annuloplasty in the area of annular degeneration

Fig. 3A 
Postoperative sagittal T2 MRI illustrating resolution of disk herniation and T2 signal seen in the disk space preoperatively. 
B: Postoperative axial T2 MRI demonstrating decompression of the canal and resolution of the L4-5 disk herniation seen 

preoperatively
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Discussion

in this case report, we report a patient with a 
soft, contained disk herniation undergoing endoscopic 
radiofrequency annuloplasty with clear radiographic 
improvement in the size of the disk bulge on imaging 
studies that are closely tied to the time of surgery. 
We would like to make it clear that it is not our 
goal to make any judgment regarding the efficacy 
of endoscopic radiofrequency annuloplasty over 
discectomy when there is no annular tear present, 
especially that our patient would have almost certainly 
improved with only the decompression performed 
prior to the annuloplasty. to make that claim would 
require a prospective trial following a group of patients 
undergoing annuloplasty over a substantial period 
of time to demonstrate robust clinical effectiveness 
and continued radiographic improvement. as the 
sinuvertebral nerve courses in close proximity to the 
annulus, it would not be unreasonable to believe that 

annuloplasty would administer a good pain result as 
well due to ablation of this nerve, which is closely 
associated with the annulus.5,6 nonetheless, this case 
report proves that radiofrequency ablation of the disk 
space can produce a drastic improvement in the size of 
a contained disk herniation in the acute postoperative 
period. This finding should revive the development 
of novel technologies by pain anesthesiologists, 
physiatrist, and surgeons that can perform an 
annuloplasty without decompression at all.

conclusion

soft, contained disk herniations causing mild 
mass effect on neural structures can be decreased in size 
by radiofrequency annuloplasty. further prospective 
studies are needed to determine the robustness of the 
radiographic effect and also to associate this procedure 
with clinical outcomes.
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Mitigating “Cannot ventilate, Cannot 
oxygenate” (CvCo) sCenario following 

aCCidental transeCtion of the endotraCheal 
tube during MaxillofaCial surgery

A Case Report

Shamantha Reddy1, tRacey StRakeR, Latha naik1, 
SeRgey PiSkLakov1 and eLLiSe deLPhin1

Abstract

we report a case of accidental transection of a nasal rae endotracheal tube (ett) and 
subsequent management in a 24-year-old male undergoing maxillary and mandibular osteotomy. 
Forty-five minutes into the procedure, transection of ETT by the surgical drill resulted in a 
progressive decrease in tidal volumes and a decline in oxygen saturation. After failing to exchange 
the ETT over a tube exchanger, a soft suction catheter was threaded through the RAE tube to 
provide oxygenation and borrow time to re-intubate through the opposite nostril. Suction catheter is 
a viable tool to maintain oxygenation and mitigate “Cannot Ventilate, Cannot Oxygenate” scenario 
during accidental transection of ett.

Key words

Endotracheal tube, nasal intubation, airway, suction catheter

Case Presentation

A 24-year-old male patient with a BMI of 33.2 kg/m2 was scheduled for elective maxillary 
and mandibular osteotomy to correct under bite with malocclusion. Medical history was significant 
for obstructive sleep apnea and asthma and airway exam revealed a Mallampati Class III. Pre-
oxygenation was done with 100% oxygen for 3 minutes. With emergency airway equipment 
available, patient was induced with midazolam 2mg and propofol 200mg. Mask ventilation was 
found to be difficult, and needed two person ventilation with an oral airway. Sevoflurane was started 
to deepen the level of anesthesia and succinylcholine 100 mg was given to facilitate intubation and 
a nasal RAE endotracheal tube was placed without difficulty. Anesthesia was deepened to 1.6 MAC 
using sevoflurane and fentanyl 100 mcg was administered for analgesia. Upon checking the twitch 
recovery from succinylcholine, rocuronium 50 mg was administered. Anesthesia was maintained 
with 40% oxygen, air and sevoflurane. Forty-five minutes into the surgery, a progressive decrease 
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in end-tidal carbon dioxide (EtCO2) as well as tidal 
volumes were noted. A distinct smell of sevoflurane 
was also observed from the surgical site. Gradually the 
leak increased to the point where the ventilator bellows 
failed to rise and desaturation was noted. The lowest 
EtCO2 and SpO2 levels noted during the incident were 
10 mm Hg and 80% respectively. This demanded an 
expedited differential diagnosis of decreased etCo2 
and tidal volume leading to desaturation. The surgeon 
was informed of the situation and told to stop the 
procedure. the nasal RAE tube was inspected and 
partial transection, apparently made by surgical drill, 
was noted (Figure 1). Patient’s head was placed in 
neutral position in an effort to improve ventilation 
which did not improve. Hand bag ventilation was 
attempted but was inadequate due to the patient’s body 
habitus. Airway was suctioned and noticeable amount 
of blood was evacuated from the patient’s mouth. Tube-
exchange was attempted, but was found to be too stiff 

to maneuver in the curved RAE tube. A soft suction 
catheter was then threaded through the ETT which 
provided oxygen flow to the lungs. Oxygen flow of 6 
L/min was delivered into the catheter and saturation 
was maintained above 90% at all the times. A 7.0 
mm nasal ett was then passed through the opposite 
nostril. Under direct visualization, the original ETT 
was withdrawn and the new one was passed without 
difficulty. Surgery was successfully completed and 
patient had an uneventful perioperative course.

Discussion

The difficult airway algorithm is a paramount 
importance to anesthesiologists during the 
management of anticipated or unanticipated difficult 
airways1,2. Nevertheless, more complex maneuvers 
maybe involved if the ETT is dislodged in the middle 
of a complex maxillofacial surgery. recognition of an 

Fig. 1
Nasal Rae endotracheal tube. Yellow arrow points to the area of the accidental cut by the drill.
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unsecure or suboptimal airway might also be delayed 
as the airway is in possession of the oral surgeons. 
If ETT damage is suspected, quick evaluation of 
the adequacy of ventilation should be performed. 
In case of partial tube damage, airway patency can 
be maintained by stabilizing the ETT and laryngeal 
packing3. in a case report by george et al, adequate 
ventilation was achieved by keeping the patient’s head 
in neutral position throughout the surgery4. However, 
failure to adequately ventilate the patient necessitates 
immediate measures to establish a patent airway and 
emergency airway kit should be made readily available 
including surgical airway access which is the ultimate 
solution if all the measures fail5. Since the patient’s 
airway is in the operative field, is often bloody, filled 
with debris from the operation, and altered by surgical 
manipulation, it may be difficult to replace the damaged 
ett. tube exchange can be done by using exchange 
catheters without losing the airway which also provide 
oxygenation. In a previous case report smaller tracheal 
tube through the partially damaged tube has also 
been attempted to provide adequate ventilation while 
awaiting reintubation6. In our case, tube exchange was 
attempted using tube exchange catheter but was found 
to be too rigid to maneuver through the curved nasal 

RAE tube. Rapid desaturation combined with inability 
to provide adequate bag mask ventilation created 
“Cannot ventilate, Cannot oxygenate” (CvCo) 
scenario which necessitated for emergency plans to 
provide immediate oxygenation. Therefore, readily 
available soft suction catheter was passed through the 
RAE tube which resulted in adequate oxygenation and 
provided time to successfully manage the lost airway 
by re-intubating through the opposite nostril under 
controlled condition with minimum interruption in 
oxygenation. 

Conclusion

Maxillofacial surgeries present a special 
challenge to the anesthesiologist. we managed a case 
of lost airway and desaturation in a patient with difficult 
airway using soft suction catheter passed through the 
damaged nasal RAE tube to provide oxygenation and 
then re-intubating through the opposite nostril under 
controlled conditions. therefore, suction catheter is 
a viable tool to maintain oxygenation and mitigate 
CvCo scenario during accidental transection of ett.
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letter to the editor

Labor EpiduraL anaLgEsia and prostagLandin-
MEdiatEd intrapartuM “shivEring”

Deepak Gupta1

*, anDrew SchulDt** anD Gabriel Sheena***

Abstract

the insight into the intrapartum plasma concentrations of prostaglandins (pgE1, pgE2 
and pgF2alpha) and oxytocin can add to our understanding whether labor analgesia methods are 
working in tandem with spontaneously fluctuating endogenous uterotonics in the laboring patients 
to become evident as under-recognized intrapartum “shivering”.

Keywords: shivering; obstetrical analgesia; prostaglandins; Misoprostol

letter to editor

Case vignette a: after lumbar epidural bolus for intrapartum analgesia, a laboring patient 
starts shivering with each labor contraction without realizing either her contraction or her shivering. 
is this feasible?

Case vignette b: after lumbar epidural initiation for intrapartum analgesia, a laboring patient 
records low body temperature without realizing either feeling of her being cold or her dangerous 
hypothermia. is this possible?

The first question is: Does the body always realize that it is hypothermic? Secondary to some 
underlying risk factors and subtleties in neurological presentation, the body sometimes may not 
always realize that it is hypothermic and this may turn the dangerous scenario into a critical one. 

The next question is: Does labor epidural analgesia induce hypothermia? Although higher 
concentration local anesthetics-based epidural anesthesia induces body heat redistribution, lower 
concentration local anesthetics-based epidural analgesia does not change the slope of intrapartum 
changes in body temperature1. however, it is interesting that almost 50% of pregnant patients have 
negatively sloping temperature change during labor indicating that irrespective of labor epidurals, 
truly “feeling cold” during labor is almost as likely as truly “feeling hot” during labor1.

The next question is: Does labor epidural analgesia cause shivering? While non-
thermoregulatory “shivering” is very common with epidural anesthesia2, thermoregulatory shivering 
itself can happen during the initial stages of either hypothermia or hyperthermia. Essentially, 
during thermoregulatory shivering, the muscles are involuntarily working hard to normalize body 
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temperature and while sometimes failing to do so, 
this involuntary muscular activity some other times 
overshoots beyond its intended goal.

The next question is: Is “shivering” during labor 
epidural analgesia uniquely different? It is a well-
known and extensively-reported fact that naturally 
occurring prostaglandin E1 (pgE1)3 and its synthetic 
analogue misoprostol4 induce body temperature 
changes with the associated very common occurrence 
of “shivering”. although synthetic analogues of pgE1 
have been used during obstetrical care (induction of 
labor and control of postpartum hemorrhage), the 
fluctuations of naturally occurring PGE1 as a natural 
physiological phenomena during labor has been 
reported, too5.

The final question is: Is the under-recognized 
“shivering” during labor epidural analgesia indicating 
towards spontaneously fluctuating intrapartum ratios of 
plasma prostaglandins (pgE1, pgE2 and pgF2alpha) 
and plasma oxytocin? This question can be validated 
or refuted easily by planning a randomized controlled 
study. healthy pregnant patients can be randomly 
assigned to receive labor epidural analgesia or 
remifentanil labor analgesia during spontaneous labor. 

thereafter, intrapartum blood samples can be drawn 
at regular intervals as correlating with the onset-offset 
of uterine contractions. This can quantify if labor 
epidural analgesia affects the trends (and ratios) of 
plasma concentrations of pgE1, pgE2, pgF2alpha 
and oxytocin before-during-after uterine contractions. 
these biochemical changes can be concurrently 
investigated for correlation with (a) uterine electrical 
activity by intrapartum electrohysterography, (b) 
clinical observation for symptomatic changes in body 
temperature, and (c) independently trending temporal 
incidence of intrapartum “shivering”.

in summary, irrespective of labor analgesia 
methods, the prevalence of symptomatic 
thermoregulatory (or even non-thermoregulatory) 
changes during labor warrants standardized temperature 
monitoring to recognize early and manage the laboring 
patients accordingly. Moreover, the insight into the 
intrapartum plasma concentrations of pgE1, pgE2, 
pgF2alpha and oxytocin can add to our understanding 
whether labor analgesia methods are working in 
tandem with spontaneously fluctuating endogenous 
uterotonics in the laboring patients to become evident 
as under-recognized intrapartum “shivering”.
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