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REVIEWS

Cardiopulmonary resuscitation
in prone position during surgical
interventions
Ayten Saracoglu1 and Kemal T. Saracoglu21*
Keywords: resuscitation; prone; neurosurgery.

Background
Cardiopulmonary Resuscitation (CPR) was first introduced in 1960 by Kuowenhoven et al1
along with chest compression and mouth-to-mouth ventilation and combined with ABC (airway,
breathing, circulation) algorithm. Today, ABC has given its place to CAB (circulation, airway,
breathing). In 2005, the European Resuscitation Council (ERC) recommended chest compressions
to be started before ventilation2. However, in the same period the American Heart Association
persisted its advice that two live saving breathes should be given to the patient prior to cardiac
compression3. According to latest publications, CAB is the recommended method both by European
and American guidelines4,5. The aim is to reduce the potential time without blood flow (no flow
time) through continuous effective chest compressions.
The practice of CPR in the prone position was first proposed in 1989 by McNeil6. The first
relevant case report on successful management of two patients having cardiac arrest after acute
hypovolemia was published by Sun et al7 in 1992. The application of CPR in the prone position was
also supported by Steward in 20028. Additionally, the first pilot study prone CPR was carried out in
2003, in which the patients that failed standard CPR for at least 30 minutes received 15 additional
minutes of standard CPR and then prone CPR for 15 minutes9. The pilot study showed that CPR
performed in the prone position generated higher systolic and mean arterial pressure during
circulatory arrest compared to standard CPR. In 2001, Brown et al10 published the first systematic
review on CPR in the prone position. It was reported that 22 intubated inpatients received CPR in
the prone position and 10 of those 22 cases could be discharged from the hospital.
Chest compression is one of the cornerstones of the basic life support algorithms. According
to the 2010 American Heart Association (AHA) Guidelines for Cardiopulmonary Resuscitation
and Emergency Cardiovascular Care, it may be reasonable for rescuers to provide CPR in the prone
position if the patient cannot be placed in the supine position11. The latest AHA guideline did not
review the recommendations in 201512. According to the latest ERC guideline, major spinal surgery,
hypovolemia, air embolism, wound irrigation with hydrogen peroxide, occluded venous return
were identified as the risk factors for cardiac arrest in prone patients13. Besides it was concluded
1
2
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in the same guidelines that chest compression in the
prone position can be achieved with or without sternal
counter-pressure.
No flow time, on the other hand, may be the most
important determinant of survival. Patients may be
placed in the prone position for procedures like spinal
surgery or neurosurgery. Prone position may be also
preferred for improving oxygenation of the patients
in ICU or in cases like acute respiratory distress
syndrome. Cardiac arrest may develop while the patient
is in the prone position. In this case, the time required
for recruiting enough hospital personnel to place the
patient back in the supine position safely may cause
significant delays in starting CPR. Considering that
safe rolling of the patient from prone to supine requires
4 to 6 hospital personnel, and such patients generally
have invasive monitors, urinary catheters or tracheal
tubes, the rolling process may require approximately
5-6 minutes14.
Additionally, turning the patient to supine
position during cerebral or spinal surgery may result
in neural damage. Studies suggest that as CPR in
the prone position generates higher blood pressures
than in the supine position, it is more advantageous
compared to classical CRP9,10,15. McNeil6 claimed that
the thoracic pump model supported prone CPR more
than the cardiac pump model. Mazer et al9 achieved
increased intrathoracic pressure and systolic blood
pressure in 6 cases, whose circulation did not return
despite 30 minutes of standard CPR, by applying
rhythmic CPR in the prone position. During thoracic
compressions in the prone position, theabdomen shifts
less forward, and thus, the effectiveness of CPR efforts
increases. Each anterior sternal compression presses
the midriff inferior and in the meantime the abdominal
structures change place anteriorly depending on
the force of the compressions. In the prone CRP,
however, abdomen is in contact with a solid surface
and movement of abdominal structures is restricted.
In this way, compressions become more effective.
Also, as shunts decrease in the prone position, better
oxygenation can be achieved. The prone method is also
more advantageous in provision of ventilation support.
In the prone position, patient’s head is placed neutral
and the forehead is supported with the arm under the
head (Figure 1). The head is extended forward and
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mandibula falls forward so that the tongue does not
fall behind and the airway patency is protected16.
This provides an advantage even if the patient is not
intubated.
Fig. 1
Prone CPR technique during spinal surgery

Regurgitation of stomach content is also among
major complications of standard CPR as well as
nausea and aspiration pneumonia. In prone position,
however, such complications are prevented, and
there is minimum risk of aspiration. Additionally, the
rescuer may be significantly more willing to imitate
the rescue in the prone position compared to mouthto-mouth ventilation. Even in cases of ventricular
tachycardia or ventricular fibrillation, cardioversion
can be successfully performed without the need to
change the position of the patient. Successful electrical
defibrillation has been reported in patients having
spinal surgery in the prone position17. The time spent
for re-positioning the patient may decrease the success
rate of defibrillation.
As the pressure applied with both hands spreads
to the posterior chest wall the McNeil method generates

Cardiopulmonary resuscitation in prone position during surgical interventions

less localized pressure than conventional CPR. On the
other side, in the supine position the pressure is applied
to a limited region of the sternum. As the posterior
chest is more rigid, there is lower risk for development
of traumatic injury as a result of spread of the applied
power, thus, stronger compressions may be applied
in the prone position with minimal risks yet without
significant reductions in heart compressions. Both onehanded and two-handed techniques and two handed
techniques of prone CPR have been described. In
2002, J.A. Steward8 provided a detailed description of
the prone CPR process. First, the patient is placed on
a solid surface with the face facing down and the arms
of the patient are positioned under the forearm. Thus,
nasal bridge can stand freely on the elbow. Hands are
placed on the back of the chest in a way that both hands
are in one half. The chest is compressed forward 40

5

times per minute (Figure 1). This position allows neck
extension and forward chin position which are often
required.
Defibrillator pads are placed and can allow
sufficient energy transmission throughout myocardium.
The pads can be inserted in left mid-axillary area and
left scapula. Alternatively, the pads may be inserted
on right/left mid-axillary lines, in posterior of the left
mid-axillary line or in inferior of right scapula18.
Effective chest compression may not be
possible or effective during surgical interventions.
We concluded that prone CPR is not a commonly
performed technique, but when it is performed it
provides great advance with serious reduction in no
flow time.
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Difficulties in airway management
of traumatized patients undergoing
maxillofacial procedures: A review
Romanos Vogiatzis1*, Pavlos Sampatakakis2,
Christos Sykaras3 and Gregory Voyagis41*

Abstract
Background: A review of airway management in maxillofacial trauma, according to the
etiology and the affected anatomical location of the injuries has been performed.
Methods: An electronic search was conducted in the MEDLINE on published data from
January 1996 to December 2016 with the use of relevant keywords and hand-searching. Initial search
yielded 569 potential articles; 67 were studies or case series with titles relevant to the subject
and had abstracts. These articles were evaluated to identify those with epidemiological data on the
airway management of individuals with maxillofacial trauma. Only 18 publications were derived
from retrospective studies. The under review populations were evaluated according to the etiology
and anatomical characteristics of the injuries, the airway management conditions (e.g. emergent or
elective) and the specific airway management techniques applied.
Results: The cumulative frequencies of specialized airway management techniques applied in
general civilian accidental mixed maxillofacial trauma were: fiberoptic tracheal intubation 14.7%,
blind nasotracheal intubation 1.5% and surgical airway 6.9% (emergently 3%). The incidence of
surgical airway is magnified in laryngeal fractures (cumulative frequency: 49.0%), Le Fort fractures
III 43.5%, panfacial fractures 30% and gunshot injuries (cumulative frequency: 23.6%; emergently
11.9%).
Conclusion: Maxillofacial trauma increases the incidence of difficult and/or impossible
airway. Incidence of surgical airway is elevated greatly in laryngeal fractures, higher Le Fort
fractures, panfacial fractures and gunshot injuries. Blind techniques continue to be applied when
special technical facilities are not readily available.

Introduction
Patients undergoing maxillofacial (MXF) procedures due to trauma present unique airway
management challenges in the emergent, operative, and postoperative settings. Either the MXF
surgeon or the MXF anesthetist are often required to ensure the airway in patients with severe
facial injuries, and should be familiar with the available techniques that allow a successful outcome
with the most appropriate and safe means. Oral tracheal intubation (TI) remains the primary
1
2
3
4
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method of securing the emergent airway. Fiberoptic
bronchoscope (FOB) assisted nasotracheal intubation
has gained popularity in managing difficult airways
despite traditional concern for intracranial penetration
1
in patients with severe skull base injuries . When
other measures fail, cricothyroidotomy (CTT) is an
1
expedient means of tracheal access .
The present review approaches the differences of
airway management in MXF trauma patients according
to their etiology and the affected anatomical location.

Materials and Methods
An electronic database search was conducted in
the MEDLINE for studies published between January
1996 and December 2016, with the use of relevant
keywords (: “maxillofacial trauma”; “maxillofacial
injuries”; “multiple trauma”; “airway management”;
“difficult airway”) and hand-searching.
An initial search yielded 569 potential articles.
Evaluating their titles and searching for the existence
of abstracts, 67 clinical studies or case series, relevant
with the studied subject, were selected. These articles
were estimated, in order to identify studies or case
series with detailed epidemiological data on the
airway management of individuals with maxillofacial
2-19
trauma. Thus, 18 publications with data coming
only from retrospective series of tertiary centers
were identified. Finally, the under review studied
2-19
were evaluated according to the
populations
etiological (e.g. road traffic accidents, falls, assault or
gunshot wounds and other reasons) and anatomical
characteristics of the injuries (types of fractures:
mandible; maxilla; zygoma; panfacial; nasal complex;
Le Fort I, II or III; laryngeal), the conditions of the
airway management (e.g. emergent or elective) and the
applied specific airway management techniques (oral
or nasal TI under direct laryngoscopy (DL) or videolaryngscopy, oral or nasal FOB TI, tracheostomy,
CTT, submental TI, etc).

Results
There was no data from prospective studies. The
under review populations of traumatized patients were
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classified into two main categories: (a) general civilian
accident victims, where outweigh traffic accidents
followed by falls from on high, assault, sport injuries,
2-14
stab (Tables 1-3) ; (b) victims with blast injuries and
gunshot wounds, either in warfare or due to criminal
15-19
activity (Table 4) .
The publications that compose the content of
Tables 1-3 depict civilian victims with facial and/or
2-14
laryngeal fractures . The anatomical characteristics of
the referred fractures and the etiology of the relevant
2-4,6,8,12-14
.
injuries were presented in details in eight articles
Only three populations are unmixed, as regards the
affected anatomical features (Table 3) and consist,
either of victims with laryngeal fractures due to blunt
12,13
trauma , or three equivalent groups of victims with
Le Fort fractures type I, II and III due to blunt trauma
14
or penetrating injuries . All the other types of facial
fractures (FFs) are jointly involved as a part of each
2-11
mixed surgical population and the respective partial
ratios are approximately similar, with the exception of
the panfacial fractures which show higher prevalence
of variance. Concretely, the following partial ratios of
FFs have been recorded: mandibular 24-54%, maxillary
315-23%, zygomatic 12-20% and panfacial 6-61%
6,8
. Finally, tables 1 and 2 show mixed populations,
as to the anatomical characteristics of FFs, and in
great majority are composed of victims of road traffic
accidents.
2-8

The publications of table 1 show in details all
the applied airway management techniques in injured
victims of civilian accidents with various FFs. The
2
use of FOB presents enormous variation up to 55% ,
while the nasotracheal intubation (blind or with DL)
was applied mainly in tertiary centers of developing
countries, where it is not very frequent the use of
3,5,8
FOB .
The conditions of the overall airway
management (emergent or elective) were clarified in
2,5,8
three populations of mixed FFs , where 59 of 464
victims (12.7%) emergently required establishment
of a definitive secure airway, secondary to airway
obstruction (Table 1).
Three similar and relatively larger series of
9-11
victims of civilian accidents , have been classified
in table 2 separately, because they are focusing only
at the frequencies of tracheostomy. Generally, the
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Table 1
Injured victims of civilian accidents with various facial fractures presented with data on the causes, the anatomical characteristics
(type of fractures) and the total of the applied airway management techniques
Journal

RFN

n

Anatomical characteristics

Etiology of injuries

Emergency
conditions
of Aw M

Anesth Essays Res
2015; 9: 44

2

288

trauma with facial #

traffic accidents
206 (71.5)
fall 60 (20.8)
assault 12 (4.2)
gunshot 7 (2.4)
other 3 (1.1)

48 (16.7) vs.
240 (83.3)

Niger J Surg
2015; 21: 26

3

51

mandibular # 24 (47.1)
maxillary # 12 (23.5)
zygomatic # 6 (11.8)
panfacial # 6 (11.8)
nasal # 3 (5.9)

traffic accidents 47
(92.2)
fall 1 (1.9)
assault 2 (3.9)
gunshot 1 (1.9)

-

J Clin Diagn Res
2014; 8: 77

4

487

panfacial # 194 (39.8)
mandible # 116 (24.0)
maxilla # 72 (14.8) zygoma #
65 (13.3)
nasal # 40 (8.2)

traffic accidents
404 (83.0)
fall 40 (8.2)
assault 21 (4.4)
gunshot 12 (2.4)

-

J Maxillofac Oral Surg
2012; 11: 138

5

49

panfacial # 30 (61.2)
Le Fort # 13 (26.5)
other # 6 (12.3)

accidents generally

4 (8.2)‡ vs.
45 (91.8)

Saudi J Anaesth
2011; 5: 9

6

177

mandible # 95 (53.7)
maxilla # 37 (20.9)
zygoma # 34 (19.2)
panfacial #11 (6.2)

traffic accidents
119 (67.2)
sport 27 (15.3)
fall 27 (15.3)
other 3 (1.7)

-

J Oral Maxillofac Surg
2011; 69: 2001

7

674*

trauma with facial #

accidents generally

-

Ind J Anaesth
2008; 52: 311

8

127

mandible # 65 (51.2)
maxilla # 19 (14.9)
zygoma # 25 (19.7)
mixed # 9 (7.1)
panfacial # 9 (7.1)

accidents generally
118 (92.9)
gunshots 9 (7.1)

7 (5.5)‡ vs.
120 (94.5)

Total:

1853

59/464 (12.7)

RFN: reference number, n: number of traumatized individuals, ( ): %, -: unspecified data, #: fracture, ‡emergent surgical airway, Aw M:
airway management, *674 of 3,149 maxillofacial trauma patients were submitted to operating room
M.E.J. ANESTH 25 (1), 2018
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Table 1. (continued)
Journal

RFN

n

TI (O or N) with TI (O or N) with TI (N) blind Submental
DL
FOB
awake
TI

Anesth Essays Res
2015; 9: 44

2

288

N: 39 (13.6)
†
O: 29 (10.0)
VL: 13 (4.5)

159 (55.2)

0 (0)

45 (15.6)§

48 (16.6)

Niger J Surg
2015; 21: 26

3

51

N: 33 (64.7)
O: 8 (15.7)

N: 4 (7.8)
O: 2 (3.9)

2 (3.9)

2 (3.9)

0 (0)

J Clin Diagn Res
2014; 8: 77

4

487

393 (80.7)

52 (10.7)

0 (0)

12 (2.5)

30 (6.2)

J Maxillofac Oral Surg 5
2012; 11: 138

49

N: 24 (49.0)

N: 8 (16.3)

0 (0)

5 (10.2) &
RM 3 (6.1)

5 (10.2)
Em SAw
4 (8.2)

Saudi J Anaesth
2011; 5: 9

6

177

130 (73.5)

47 (26.5)

0 (0)

0 (0)

0 (0)

J Oral Maxillofac
Surg
2011; 69: 2001

7

674*

N: 449 (66.6), O: 0 (0)
204 (30.3)

0 (0)

15 (2.2)

6 (0.9)

Ind J Anaesth
2008; 53: 311

8

127

N: 22 (17.3)
O: 71 (55.9)

2 (1.6) after 25 (19.7)
failed TI (N)
blind

0 (0)

Em SAw
7 (5.5)

1853

1412 (76.2)

274 (14.7)

82 (4.5)

100 (5.4)

Total:

27 (1.5)

Tracheostomy
‡

RFN: reference number, n: number of traumatized individuals, TI: tracheal intubation, O: oral, N: nasal, DL: direct laryngoscopy, FOB:
†
fiberoptic, VL: video-laryngoscopy, ( ): %, Em SAw: emergent surgical airway, Aw M: airway management, in 3 of 29 cases OTI was
‡
§
applied in the emergency department, submental TI was performed after normal OTI, surgical airway was applied in the emergency
department in 45 of 48 cases, *674 of 3,149 maxillofacial trauma patients were submitted to operating room

Table 2
Incidence of tracheostomy in injured victims of civilian accidents with various facial fractures
Journal

RFN

n

Tracheostomy

Comments

J Oral Maxillofac Surg
2008; 66: 1404

9

222*

8 (3.6)

222 of 356 MXF trauma patients were
submitted to OR

J Oral Maxillofac Surg
2007; 65: 2005

10

1079

125 (11.6)*

TS at the same time as the FF repair

J Oral Maxillofac Surg
1996; 54: 292

11

399

TS 7 (1.8)
EmCTT 6 (1.5)

Total of table 1

2-8

1853

100 (5.4)

3553

246 (6.9)

Total:

RFN: reference number, n: number of traumatized individuals, *comment, ( ): %, MXF: maxillofacial, TS: tracheostomy, FF: facial
fracture, CTT: cricothyroidotomy, Em: under emergency conditions, OR: operating room

Difficulties in airway management of traumatized patients undergoing maxillofacial
procedures: a review

incidence of tracheostomy in civilian victims with
2-11
FFs ranges between 0% and 17% . The cumulative
2-11
rate is 6.9% (246/3553 ; Tables 1 and 2), but only
5,8,11
provide clear information about the
three articles
conditions (emergent or elective) that prevailed during
application of surgical airway and the cumulative
incidence of emergent tracheostomy or CTT was at
3.0% (17 of 575). Tracheostomy is more common
(about 30%) in populations with high incidence of
4,5
panfacial fractures . This was mainly influenced by
5
publication of Vidya et al , where nine of 30 victims the
panfacial fractures required a tracheostomy.
Victims with laryngeal fractures required surgical
airway in a cumulative frequency of 49.0% (24/49),
12,13
emergently 4.1% (2/49) (Table 3) . Similarly high
frequency of tracheostomy (43.5%) has been recorded
14
in victims with Le Fort fracture III . The incidence of

11

tracheostomy was lower, but remarkable, in victims with
Le Fort injuries I or II (13.6% and 9.1%, respectively).
Victims with blast injuries and gunshot wounds,
15
16-19
either in warfare or due to criminal activity
composed a total population of 490 individuals (Table
4). The conditions of the overall airway management
(emergent or elective) are clarified in all papers, but
obviously the criteria were not always the same, since
there were cases, where the indication of the emergency
is not compatible with the corresponding frequencies
16
of surgical airway . Nevertheless, the airway
management in MXF gunshot victims involved the
need for surgical airway most frequently (cumulative
frequency of surgical airway: 103 of 437, 23.6%;
emergently 52 of 437, 11.9%), when compared to the
mixed MXF trauma of civilian accidents. Evaluating
the separate frequencies of tracheostomy in gunshot
15
victims (Table 4) indicates that the military trauma

Table 3
Incidence of tracheostomy in victims of civilian accidents with specific types of neck or
12-14
maxillofacial injuries (laryngeal and Le Fort fractures)
Journal

n

Primary cause

Anatomical
characteristics
(type of #)

Etiology of injuries

Surgical airway

J Oral Maxillofac Surg
2006; 64: 203

27*
[20]

laryngotracheal trauma

laryngeal
27 (100)

blunt trauma
23 (85.2)

TS 14 (51.9) &
CTT 1 (3.7)
emergently
CTT

Yonsei Med J
2012; 53: 992

22
[4]

laryngotracheal trauma

laryngeal
22 (100)

stab 7 (31.8)
traffic accident
5 (22.7)
fall down 4 (18.2)
other accidents
6 (27.3)‡

TS 8 (36.4) at OR
& 1 (4.6) at ED
emergently

J Oral Maxillofac Surg
2005; 63:1123

67

trauma with
Le Fort #

Le Fort
I: 22 (32.8)
II: 22 (32.8)
III: 23 (34.3)

blunt trauma
64 (95.5)
Penetration
3 (4.5)

I: TS 3 (13.6)
II: TS 2 (9.1)
III: TS 10 (43.5)
total: 15 (22.4)

Total:

116

39 (33.6)

n: number of traumatized individuals; ( ): %; *37 of 16,465 patients with head, neck or maxillofacial injuries presented laryngeal
fractures (0.22%), but 10 patients were without full details; [ ]: number of emergent surgical airway management interventions applied
(cumulative frequency: 24/49, 49.0%); #: fracture; TS: tracheostomy; CTT: cricothyroidotomy; OR: operating room; ED: emergency
‡
department; machinery accidents 3, workplace safety accidents 2, sport 1
M.E.J. ANESTH 25 (1), 2018
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Table 4
Victims of maxillofacial blast injuries and gunshot wounds presented with data on their etiology, as well as the conditions and the
techniques of the applied airway management
Journal

RFN

n

Etiology of
injuries

Emergency
Aw M†

TI with DL

Surgical Aw

Comments

Otolaryng Head Neck
Surg
2015; 153: 532

15

239*
[196]

blast injuries
& gunshot
(warfare)

22 (11.2)§

123 (62.8)

TS 73 (37.2)

239 severe MXF
injuries (of 1345 MXF
cases), that required
Aw M

World J Surg
2007; 31: 2104

16

40*
[30]

gunshot
(crime)

30 (100)‡

Oral
28 (93.3)

CTT 2 (6.7)

40 of 55 victims
submitted to OR

J Oral Maxillofac Surg
2003; 61: 1390

17

44*

gunshot
(crime)

4 (9.1)‡

-

TS 4
(9.1)

2 shotgun, 28 bullet, 10
shrap-nel, 3 landmine, 1
breech block injuries

S Afr Med J
2002; 92: 803

18

92*

gunshot
(crime)

8 (8.7)

84 (91.3)

TS 5 (5.4)
CTT 3 (3.3)

20 cases had a
threatened Aw at ED
admission

J Oral Maxillofac Surg
2001; 59: 277

19

75*

gunshot
(crime)

16 (21.3)‡

-

EmTS 16
(21.3)

75 of 84 victims
submitted to OR

80 / 437
(18.3)

235 / 318
(73.9)

103/437
(23.6)

Total:

490
[437]

RFN: reference number, n: number of traumatized individuals, ( ): %, [ ]: final number of individuals with detailed data, Aw M: airway
management, TI: tracheal intubation, DL: direct laryngoscopy, MXF: maxillofacial, TS: tracheostomy, CTT: cricothyroidotomy, ED:
†
emergency department, OR: operating room, *comment, definition of emergency conditions includes only surgical Aw in RFs 14 & 16-18,
§
while it encompasses more techniques of Aw M in RF 15, TSs performed on initial presentation of the victims at the ED (22/73, 30.4% of
‡
total number of TSs), only emergent cases with threatened Aw are analyzed, -: unspecified data

16-19

takes precedence (37.2%) over crime trauma
(6.721.3%; cumulative frequency: 30 of 241, 12.4%).

the present analysis indicates that the MXF trauma
generally increases extremely the incidence of difficult
and/or impossible airway.

Discussion

The proportion of patients with MXF trauma,
which was transferred from the emergency department
to the operating room, varies greatly. It ranges between
21.4% and 62.4% in the civilian accidental mixed
MXF trauma population7,9,

The failure to maintain a patent airway after the
induction of general anesthesia is a major concern
for anesthetists. For securing the airway, tracheal
intubation using direct laryngoscopy remains the
method of choice in most cases. However, tracheal
intubation with direct laryngoscopy is difficult in 1%
to 4%, and impossible in 0.05% to 0.35%, of patients
20
who have seemingly normal airways . In contrast to the
above basic principle, which is valid for the average of
the surgical patients who are admitted in the operating
room to undergo any surgical procedure except MXF,

The cumulative frequencies of specialized airway
management techniques (fibroptic tracheal intubation
14.7%, blind nasotracheal intubation 1.5%, and surgical
airway 6.9%) that have been applied in general civilian
accidental mixed MXF trauma (panfacial fractures
excluded) are particularly remarkable.
Laryngeal fractures are quite rare and represent
only 0.22% (about 1:5,000) of the MXF injuries12.

Difficulties in airway management of traumatized patients undergoing maxillofacial
procedures: a review

However, readiness is required for this minimum, but
crucial subset of MXF trauma, since the total incidence
of surgical airway is magnified up to seven times
(49.0%) compared with general civilian accidents. Le
Fort fractures type III (43.5%) and panfacial fractures
(30%) follow closely in terms of surgical airway
frequencies.
Patients with higher Le Fort injuries were
characterized by an overall greater severity of injuries,
as measured by the average Injury Severity Score and
a higher chance of requiring neurosurgical intervention
14
or of experiencing vision-threatening ocular trauma .
Immediate operative intervention and/or ICU care
was more frequently indicated in this sub-group of
14
patients .
The total incidence of surgical airway is
magnified up to more than three times in victims with
blast injuries and gunshot wounds (23.6%), when
compared to general civilian accidents (panfacial
fractures excluded). About half of tracheostomies and/
or cricothyroidotmies were urgently applied, both in
general civilian accidents and gunshots or blast injuries
(3% vs. a total of 6.9% and 11.9% vs. a total of 23.6%,
respectively).

13

During surgery for major MXF fractures,
tracheostomy is presented as a solution, although it
21
carries a relatively high incidence of complications .
However, the submandibular tracheal intubation
2,3,7
substitutes for the tracheostomy , since tracheal
intubation is straightforward, safe, and quick to
carry out. It can be an alternative to tracheostomy,
as it allows operative techniques and postoperative
airway protection without the risks and side effects of
21
tracheostomy .
Blind techniques, such as the blind naso-tracheal
22
intubation, were recommended twenty years ago , but
23-25
have ceased to be widely accepted after the year 2000 ,
since the advancements in airway management have
made this practice obsolete. However blind nasotracheal
intubation remains popular, since it continues to be
applied when special technical facilities (e.g. FOB)
26
are not readily available , mainly in tertiary centers of
3,5,8
developing countries .
In conclusion, it appears that anesthetists should
be familiar with all airway management techniques for
trauma patients undergoing maxillofacial procedures due
to the large variations of injuries and relevant available
techniques for airway management.

M.E.J. ANESTH 25 (1), 2018
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The femoral nerve block characteristics
using ropivacaine 0.2% alone, with epinephrine,
or with lidocaine and epinephrine
A.M. Taha1,2 and A.M. Abd-Elmaksoud31*
Keywords: anesthetic techniques, regional, femoral; anaesthetics local, ropivacaine;
equipment, ultrasound machines.

Abstract
Background: The objective of this study was to evaluate the femoral nerve block
characteristics (onset, success rate and duration) using ropivacaine 0.2% alone; with epinephrine,
or with lidocaine and epinephrine compared with that using ropivacaine 0.5%.
Methods: Ninety six patients were included in this prospective controlled double blind study
and were randomly allocated into four equal groups (n=24). All the patients received ultrasound
guided femoral nerve block using 15 ml of either ropivacaine 0.5% (group 1), ropivacaine 0.2%
(group 2), ropivacaine 0.2% with epinephrine (group 3) and ropivacaine 0.2% with lidocaine and
epinephrine (group 4). The block onset, success rate and duration were recorded.
Results: The motor onset was significantly delayed in group 2 (compared with the other three
groups) and in group 3 (compared with group 4). However, the block success rate and duration
were comparable in the four groups.
Conclusion: In femoral nerve block, ropivacaine 0.2% may have a comparable success rate
and duration to ropivacaine 0.5% but with a remarkably delayed motor onset that may be improved
by adding epinephrine. Addition of lidocaine may further accelerate the motor onset.

Introduction
The femoral nerve block (FNB) is a commonly indicated block, and ropivacaine is a widely
used long acting local anesthetic (LA)1,2. Peripheral nerve blocks can provide excellent anesthesia
and postoperative analgesia 3,4. However, the inappropriate block characteristics (delayed onset,
low success rate, too long or too short block duration), and the potential risk of LA toxicity may
limit the use of nerve block anesthesia in lower limb surgeries. Both the block characteristics and
the risk of toxicity are significantly affected by changes in the LA concentration or by adding
adjuvant5-8. High LA concentration may enhance the block onset and success rate8-10, but it increases
1
2
3
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the peak plasma level and consequently the potential
risk of LA toxicity11. Recently, we showed that low
ropivacaine concentrations can block the femoral nerve
successfully10. In theory, the use of low ropivacaine
concentration may impair the FNB onset and duration,
while the addition of adjuvant may improve them.
The objective of this study was to evaluate the FNB
characteristics (onset, success rate and duration) using
ropivacaine 0.2% alone, with epinephrine or with
lidocaine and epinephrine compared with ropivacaine
0.5%.

Methods
This prospective controlled randomized double
blind study was approved by the Research and Ethical
Committee of Abu Dhabi Knee and Sport Medicine
Centre. Ninety six patients, who were scheduled
for knee ligament reconstruction, were included in
this study and their written informed consents were
obtained. The patients were randomly allocated into
four groups (24 patients each). They received FNB
using one of the following solutions: ropivacaine 0.5%
(group 1), ropivacaine 0.2% (group 2), ropivacaine
0.2% with epinephrine (group 3), or ropivacaine 0.2%
with lidocaine 0.5% and epinephrine (group 4).
In the block room, routine monitoring
(ECG, SapO2 and noninvasive blood pressure) and
supplemental oxygen were applied and 3 mg of
midazolam was injected intravenously. Parasacral
sciatic, proximal interfacial obturator and lateral
femoral cutaneous nerve blocks were performed under
the ultrasound guidance, as described elsewhere12-14,
using 20, 10 and 2 ml of 0.5% ropivacaine with
epinephrine, respectively. The FNB was then
performed using an S-Nerve machine (SonoSite Inc,
Bothell, WA, USA), a linear ultrasound probe (HFL
38, 13-6 MHz), and a 5-cm needle (21G, Locoplex,
Vygon, Ecouen, France). The femoral nerve and artery
were identified at the level of the inguinal crease15.
Under aseptic conditions, the needle was advanced
from lateral to medial (via in-plane approach) and 15
ml of the block solution was injected (10 ml deep to
the nerve and 5ml superficial). Adequate LA spread all
around the femoral nerve was confirmed. Intra-neural
injection was avoided. The 15 ml of the block solution

A.M. Taha et. al

contained either:-a) 75 mg of ropivacaine (5mg/ml)
used in group 1, b) 30 mg of ropivacaine (2mg/ml)
used in group 2, c) 30 mg of ropivacaine (2mg/ml) and
75mcg of epinephrine (5mcg/ml) used in group 3, or
d) 30 mg of ropivacaine (2mg/ml), 75mg of lidocaine
(5mg/ml) and 75mcg of epinephrine (5mcg/ml) used
in group 4. All block solutions were prepared by the
assistant.
The femoral sensory block was assessed by
testing the pinprick sensation along the medial
aspect of the leg (from the knee distal to the medial
malleolus). The sensory block was classified into
three grades: 0 (normal sensation), I (decreased
sensation) and II (absent sensation). The motor block
was classified according to the patient’s ability to
extend his knee into three grades: 0 (normal motor
power), I (motor weakness) and II (complete motor
paralysis). The sensory and motor femoral blocks were
assessed every 5 min until a corresponding grade II
block was achieved or to a maximum of 40 min. The
times required to achieve grade II sensory and motor
blocks were defined as the sensory and motor onsets,
respectively. The patients with grade II sensory and
motor blocks within 40 min were considered to have a
successful femoral block. Before starting the surgery,
incomplete nerve blocks (if any) were supplemented16.
After surgery, sensory and motor femoral blocks were
assessed every 1 hour (starting 5 hours after the block
performance) until the block faded. All the patients
were assessed neurologically before discharge and
during the physiotherapy visits for 3 weeks after
surgery. The FNB sensory and motor block onsets,
success rate, duration and any complications were
assessed and recorded by the operator anesthetist and
the ward nurse who were unaware of the LA used.

Statistical analysis
The femoral motor block onset was the primary
end point of this study. Assuming its mean and standard
deviation (using 0.5% ropivacaine) are 25 and 5 min
respectively2, 24 patients per group were required to
detect at least 5 min difference, with a power of 0.8, at
two tail alpha of 0.05 as calculated using Minitab® 16.1
(Minitab, Inc., State College, PA, USA). The Patients’
allocation was performed by block randomization

The femoral nerve block characteristics using ropivacaine 0.2% alone, with epinephrine, or
with lidocaine and epinephrine

Fig. 1
Box and whisker plot showing the motor (A) and sensory
(B) block onsets. ♦ Significantly delayed compared to group
4; ‡ Significantly delayed compared to group 1, 3, and 4; †
Significantly delayed compared to group 1 and 4. * Extreme
value; O Outlier value.

using the package “blockrand” in R (R Foundation for
Statistical Computing, Vienna, Austria). Opaque sealed
envelopes were used for concealment of randomized
allocation. Data were analyzed using SPSS® (version
16.0, SPSS Inc, Chicago, IL, USA). Numerical
variables were presented as mean (standard deviation)
or median (1st-3rd quartiles) as appropriate, while
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Fig. 2
Box and whisker plot showing the motor (A) and sensory (B)
block durations. O Outlier value.

categorical variables were presented as frequency. If
its assumptions were fulfilled, one-way ANOVA was
used for between-group comparisons of numerical
variables. Otherwise, Kruskal-Wallis test was used. For
post hoc analysis, Tukey’s test or the Mann–Whitney
test with application of Bonferroni’s correction was
used whenever appropriate. For analysis of categorical
variables, χ2 test was used. For all tests a p-value less
than 0.05 (or 0.008, if Bonferroni’s correction was
applied) was considered statistically significant.

Table 1
Patients’ characteristics.
Group 1
(n=24)

Group 2
(n=24)

Group 3
(n=24)

Group 4
(n=24)

P value

Age (yr) [mean (SD)]

30.8 (8.5)

26.3 (6.3)

26.8 (7.2)

29 (9.2)

0.179

Body mass index (kg.m-2) [mean (SD)]

27.1(4.6)

28.2(5.2)

25.8 (4.4)

26.9(4.4)

0.367

ASA class I/II [n]

23/1

24/0

24/0

21/3

0.099

Gender male/ female [n]

24/0

20/4

23/1

21/3

0.141
0.949

Surgeries [n]
ACLR using hamstring graft
ACLR using patellar tendon
Others

17
3
4

19
2
3

20
2
2

19
3
2

Blocks required supplementation [n]
Sciatic nerve block
Obturator nerve block
LFCN block

1
0
3

1
0
0

1
1
0

0
0
2

0.793
0.389
0.127

ASA, American Society of Anesthesiologists; ACLR, Anterior cruciate ligament reconstruction; LFCN, Lateral femoral cutaneous
nerve. Include patellar tendon repair, medial patellofemoral ligament reconstruction and multiligament reconstruction.
M.E.J. ANESTH 25 (1), 2018

18
Results
The patients’ characteristics were comparable
across the four groups (table 1). The femoral motor
block onset was significantly delayed in group 2
(compared with the other three groups) and in group
3 (compared with group 4). The sensory onset was
significantly delayed in group 2 compared with group
1 and 4 (fig 1). The femoral nerve was successfully
blocked in all patients (100%) in the four groups.
Durations of the sensory and motor blocks were
comparable in all groups (fig 2). All patients had
painless surgery (no opioid was required) and no
complications were recorded.

Discussion
The success rate and duration of FNB using
ropivacaine 0.2% were comparable to that of
ropivacaine 0.5%. However, ropivacaine 0.2%
has a significantly delayed motor onset which was
accelerated by adding epinephrine alone or with
lidocaine.
The femoral nerve innervates the hip and knee
joints, the thigh, and the skin at the medial aspect of
the leg and foot17. Therefore, its block is indicated in
almost all lower limb surgeries. Peripheral nerve block
can provide excellent and safe anesthesia for lower
limb surgeries10. However, its long performance time,
the requirement large LA dose and the inappropriate
block characteristics (delayed onset, low success
rate, too long motor block or too short sensory block)
may limit its use. Various methods have been used
to improve these disadvantages7-10. In this study,
we evaluated the effect of lowering the ropivacaine
concentration and adding adjuvant (epinephrine and
lidocaine) on the FNB characteristics (onset, success
rate and duration).
The block onset markedly affects the efficacy
of the operating room (especially where there is
no block room) 18. The onset of the complete motor
block is always associated with painless surgery, but
it usually requires more time than the sensory onset
(especially at the low LA concentrations)10,16. Many
factors can affect the block onset, including the LA
type and its concentration, the use of adjuvant, the
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nerve to be blocked, the block approach and the
localizing technique 1,7,8,19. Increasing the ropivacaine
concentration or adding lidocaine, in the current study,
accelerated the block onset. Similar results have been
reported 1,7. Adding epinephrine to ropivacaine 0.2%,
in this study, improved the femoral motor block onset
(which became comparable to that of ropivacaine
0.5%). However, this was not true for other nerve
block20. The use of ultrasound guidance may explain
the faster onset of ropivacaine 0.5% in this study (in
spite of using smaller volume) compared to what has
been previously reported2,19.
The success rate is another cardinal characteristic
of the nerve block. Failed block requires block
supplementation (more LA and more time are required)
or addition of general anesthesia (exposing the patient
to additional risks)18. High ropivacaine concentrations
(0.5-1%) are usually used to achieve a successful
FNB1-2. Recently, low ropivacaine concentrations
were shown to block the femoral nerve successfully10.
Similarly, in the current study, ropivacaine 0.2% alone
(without adding epinephrine or lidocaine) resulted in
successful FNB in all the patients (100%).
Surprisingly, the block duration of ropivacaine
0.2 %, in the current study, was not affected by
increasing the ropivacaine concentration or by adding
epinephrine or lidocaine. Previous studies have
shown contradictory results regarding the effect of
changing the LA concentration (or volume) on the
block duration1,5-6. It was proposed that beyond a
certain threshold, increasing the LA concentration (or
volume) is not associated with significant prolongation
of the block duration. This threshold varies according
to the type of local anesthetic, the nerve to be blocked
and the block approach5. Possibly due to its intrinsic
vasoconstrictor activity, the ropivacaine block duration
seemed to be relatively less affected by changes in
concentrations or by adding epinephrine5,20. Addition
of lidocaine to ropivacaine, in a previous study, was
shown to accelerate the block recovery7. However,
adding lidocaine to ropivacaine may aggravate the
risk of LA toxicity7,11. Adding epinephrine, in contrast,
slows down the LA absorption and may decrease its
peak plasma level 8,21-22. It is also a marker for IV
injection, however, it may worsen the nerve injury
when intra-neural injection occurs8.

The femoral nerve block characteristics using ropivacaine 0.2% alone, with epinephrine, or
with lidocaine and epinephrine

Most of patients who participated in this study
were middle aged, athletic healthy males. Therefore
our result may not applicable for other aged groups,
gender or patients with peripheral neuropathy (as
diabetics).

Conclusion
In femoral nerve block, ropivacaine 0.2% may have
a comparable success rate and duration to ropivacaine
0.5% but with a remarkably delayed motor onset that
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may be improved by adding epinephrine. Addition of
lidocaine may further accelerate the motor onset.
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Comparision of preoperative tramadol,
pregabalin or clonidine on Incidence
and severity of catheter related bladder
discomfort in patients undergoing
percutaneous nephrolithotomy:
a prospective, randomized, double
blind, placebo controlled trial
Samia Kohli, Sanjay Agrawal,
Parul Jindal and Manoj Biswas11*

Abstract
Objective: Catheter related bladder discomfort is a post catheterization complication, with
an incidence of 47-90%.This study evaluates the efficacy of preoperative tramadol, pregabalin
or clonidine in decreasing the incidence and severity of postoperative catheter-related bladder
discomfort in patients undergoing percutaneous nephrolitotomy (PCNL).
Materials and methods: 160 patients, either sex, ASA I & II, undergoing elective percutaneous
nephrolithotomy, requiring bladder catheterization were randomly assigned into 4 groups to receive
tramadol 100mg (Group I), pregabalin 75mg (Group II), clonidine 100mcg (Group III) and placebo
(Group IV) orally 1h prior to induction of anaesthesia. Identical anaesthesia technique was utilized
in all the groups. Catheter-related bladder discomfort (CRBD) was evaluated on 4-point scale (1 =
no discomfort, 2 = mild, 3 = moderate, 4 = severe) on arrival (0h), 1, 2, 6, 12, 24hrs postoperatively.
Patients received patient-controlled analgesia with fentanyl for postoperative pain relief.
Results: There was no difference between the demographic profile and operative variables
such as surgical and anaesthesia time between the groups(p >0.05).The prevalence and severity
of CRBD were lower in Groups I, II, III compared to group IV(p <0.05). Incidence and severity
of CRBD between Groups I and II, II and III and I and III were comparable and statistically
insignificant (p >0.05). Mean fentanyl requirement were comparable between Groups I, II and III
while significantly higher in Group IV (p = 0.02).
Conclusion: Preemptive tramadol 100mg, pregabalin 75mg and clonidine 100mcg orally
one hour prior to surgery were equally effective in preventing postoperative symptoms of CRBD.
Keywords: Catheter related bladder discomfort, drugs- tramadol, pregabalin, Clonidine
Percutaneous nephrolithotomy.
Registration number: Clinical Trial.gov.in (CTRI/2017/01/007658)
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Introduction

gov.in (CTRI/2017/1/007658).

Catheter related bladder discomfort (CRBD)
has an incidence of 47-90% in patients undergoing
bladder catheterization. It manifests as an intense urge
to urinate, discomfort in suprapubic region and maybe
accompanied by behavioral symptoms1-3. Injury to
proximal urethra or bladder due to indwelling catheter
leads to involuntary contraction of detrusor muscle.
Detrusor contraction is secondary to stimulation of
muscarinic receptors by acetylcholine released from
activated cholinergic nerves4. Patient or surgical factors
implicated with increased incidence of CRBD are male
gender, use of catheter >16 FG, surgical procedures
involving prostate, bladder, endourology procedures
of upper and lower urinary tract5,6.

All eligible patients were kept NPO for solids
for six hours and two hours for clear fluid. Tablet
alprazolam 0.25mg was administered night before
and two hours prior to surgery.The patients were
randomized using computer generated table of random
numbers into four groups to receive either Tramadol
100mg (Group I) (Cap Supridol: Neon Laboratories,
India), or Pregabalin 75mg (Group II) (Cap Lyrica:
Pfizer Limited, India), Clonidine 100mcg (Group III)
(Tab. Arkamine: Unichem pharma, India) and placebo
(Group IV) (empty Capsule). The drugs were dispensed
in identical gelatin capsules prepared by pharmacy and
supplied in opaque envelopes marked I, II, III, IV to
be administered by a nurse in ward one hour before
surgery with a sip of water.

The treatment modalities of CRBD are varied
with the use of anti-muscarinic agents being the
mainstay of treatment7-11. Agents modulating the
inflammatory or pain pathway also influences the
pain management modalities of CRBD12-15. Anesthetic
uses of pregabalin, tramadol or Clonidine have been
shown to have favourable preoperative, intraoperative
and post operative effects16-19 and have been used in
various studies to modify the CRBD pain. Literature is
sparse in assessing the best agent among the three for
decreasing the pain of CRBD. This study was planned
to evaluate and compare the effects of preoperative
pregabalin, tramadol or clonidine on prevalence and
severity of CRBD in patients undergoing percutaneous
nephrolithotomy.

Materials and Method
This randomized, double blind placebo controlled
study was conducted after Institutional Ethical
clearance (SRHU/HIMS/Ethics/2016/85) and written
informed consent from 160 patients, either gender,
ASA I &II, between 18-60 years of age undergoing
elective percutaneous nephrolithotomy (PCNL) under
general anesthesia. ASA III & IV patients, significant
cardiac disease, high AV Block, renal failure (high
serum creatinine >1.5mg/dl, urine output <400/day)
or history of urinary tract obstruction/neurogenic/
overactive bladder were excluded from the study. The
study was registered retrospectively in Clinical Trial.

Preoperative sedation was assessed by the
Ramsay Sedation Scale (RSS) before shifting to OR.
Standard anesthesia technique was employed in all the
patients after attachment of vital monitors (ECG, NIBP
and pulse oximetry) and establishment of intravenous
(i.v) access. Anesthesia was induced with fentanyl
2mcg/kg, propofol 1.5mg/kg and vecuronium bromide
0.1mg/kg was used for facilitation of endotracheal
intubation. Intubation was completed with appropriate
sized cuffed endotracheal tube. Maintenance of
anesthesia was done with 66% nitrous oxide in
oxygen, sevoflurane (0.8-1.1 MAC) and intermittent
boluses of vecuronium and fentanyl. The urethra was
lubricated with 2% lignocaine jelly and 16 FG foley’s
catheter was inserted and inflated with 10 ml normal
saline. At the end of surgery neuromuscular blockade
was reversed with neostigmine and glycopyrollate in
usual doses.
Patients were shifted to PACU where CRBD was
assessed on 4 point scale: Grade1: No pain, Grade 2:
Mild pain (revealed by asking the patient), Grade 3:
Moderate pain (spontaneous complaint by the patient),
Grade 4: Sever discomfort(agitation, loud complaints
and attempts to remove catheter).The grades were
assessed at time of shifting (0 hour),1, 2, 4, 6, 12, 24
hours after shifting. All patients received controlled
analgesia with fentanyl (5 mcg/ml) by PCA pump (B.
Braun Melsungen AG, Germany) for 24 hours. Total
dose of fentanyl used and postoperative complications
such as sedation, nausea and vomitting, decreased in
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oxygen saturation, hemodynamic variability were
noted in PACU.If in the postoperative ward any patient
experienced VAS >6 and not relieved with additional
boluses of fentanyl injection, paracetamol 1000mg or
tramadol 100mg iv was administered and noted.
Sample size was calculated on basis of previous
study1 with incidence of CRBD to be 60%.Considering
25% patients will have decrease in severity of CRBD
with power of 95% and α error of 0.05, 39 patients
per group were needed to detect significance. We took
40 patients in each group. Data analysis was done
utilizing SPSS IBM version 22 (SPSS Software, IBM
Corporation Amrok, New York). The normality of
numerical variables was tested using the KolmogorovSmirnov analysis. Numerical variables with normal
distribution are presented as mean ± standard deviation
(SD), and median (minimum-maximum) values
are applied for non-normally distributed variables.
Categorical outcomes were summarized as numbers
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and percentages. Repeated measures analysis of
variance was used to determine within-group changes
across time and group-time interactions. A χ2 test or
Fisher’s Exact Test was used to assess categorical
outcomes among the groups. For discontinuous
numerical data, a Kruskal-Wallis Test was done and
a Dunn’s multiple comparison tests were done to
compare among the groups. A P value of <0.05 was
considered statistically significant.

Results
160 patients fulfilling the eligibility criteria were
included in the study (Fig. 1) between January 2015
and May 2016. All patients completed the study and
there were no dropouts. Patients were not different in
terms of age, weight, ASA grade, duration of anesthesia
(DOA) and surgical time (DOS) (Table 1).

Fig. 1
Consort flow diagram
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Table 1
Demographic profile, Data Is presented as mean ± Standard deviation or numbers
Group I
(n=40)

Group II
(n=40)

Group III
(n=40)

Group IV
(n=40)

P-value

Age (years)

39.62 ± 11.58

37.18 ± 11.86

35.58 ± 11.89

41.65 ± 11.62

0.105

Sex (M:F)

25:15

23:17

26:14

17:23

0.174

ASA I/II

27/13

24/16

26/14

23/17

DOA (min)

93.35 ± 41.06

87.70 ± 31.14

93.28 ± 31.59

82.60 ± 29.71

0.425

DO S(min)

81.40 ± 39.45

77.20 ± 31.13

80.15 ± 32.38

69.02 ± 28.74

0.340

652.66 ± 266.04

685.06 ± 193.03

665.71 ± 169.38

848.38 ± 311.63

0.001*

Fentanyl requirement

* Kruskal wallis test delete#, alpha sign

The prevalance of CRBD in different groups is
shown in fig. 2. The prevalance was higher in group IV
compared to all other groups at all times of observation.
There was no difference in incidence of CRBD among
groups I, II and III.
Pain as assessed by VAS was also higher in Group
IV compared to Groups I, II, III (Table 2).
Mean postoperative fentanyl requirement was
652.66 ± 266.04 mcg (Group I), 685.06 ± 193.03
mcg (Group II), 665.71 ± 169.38 mcg (Group III)
and 848.38 ± 311.63 mcg (Group IV). The amount of
fentanyl used was significantly greater in Group IV

(p <0.05) compared to Groups I, II, III respectively.
Dosage used in Groups I, II, III were comparable and
statistically not significant.
Preoperative Ramsay Sedation Score (RSS) was
assessed in all groups. No patient had a score of grade
4 or above. RSS1/2/3 was seen in 3/32/5 patients on
Group I, 2/36/2 patients in Group II, 1/35/4 patients in
Group III and 18/22/0 patients in Group IV.
Postoperative complications observed are
shown in Table 3. Sedation was the most common
complication. Three patients in Group IV required
additional analgesics for pain control.

Fig. 2
Prevalance of CRBD at different time of Observation

* Group I, # Group II, α Group III p <0.05
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Table 2
Intergroup variation in Visual Analogue scale
Group I
(n=40)

Group II
(n=40)

Group III
(n=40)

Group IV
(n=40)

Median (IQR)

Median (IQR)

Median (IQR)

Median (IQR)

T’ 0

2.5 (1.0-3.75)

3.0 (2.0-4.0)*

2.0 (2.0-4.75)

5.0 (3.0-7.0)* # α

0.003

T’ 1

3.0 (2.0-3.75)

3.0 (2.0-4.0)

3.0 (2.0-4.0)

5.0 (3.0-7.5)* # α

<0.001

T’ 2

2.0 (1.0-3.0)

3.0 (2.0-3.0)*

2.0 (2.0-4.0)

4.5 (2.25-6.0)

<0.001

T’ 6

2.0 (1.0-2.0)

2.0 (1.0-3.0)

2.0 (1.0-2.0)

3.0 (2.0-5.0)* # α

<0.001

T’ 12

1.0 (1.0-2.0)

1.5 (1.0-2.0)

1.0 (1.0-2.0)

2.0 (1.0-4.0)

0.021

T’ 24

1.0 (1.0-2.0)

1.0 (1.0-2.0)

1.0 (1.0-2.0)

2.0 (1.0-3.0)* #

VAS

P-value*

*#α

*#α

0.034

* Group I, # Group II, α Group III p <0.05

Table 3
Post operative complications
Group I
(n=40)

Group II
(n=40)

Group III
(n=40)

Group IV
(n=40)

Frequency (%)

Frequency (%)

Frequency (%)

Frequency (%)

28 (70.0%)

26 (65.0%)

28 (70.0%)

19 (47.5%)

<0.001

Hypertension

1 (2.5%)

0 (0.0%)

1 (2.5%)

5 (12.5%)

0.032

Hypotension

2 (5.0%)

1 (2.5%)

3 (7.5%)

1 (2.5%)

0.650

Tachycardia

0 (0.0%)

0 (0.0%)

0 (0.0%)

1 (2.5%)

0.389

Bradycardia

0 (0.0%)

1 (2.5%)

2 (5%)

0(0.0%)

0.389

Insomnia

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

-

Hallucination

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

-

Unpleasant dreams

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

-

Diplopia

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

-

Nausea vomiting

4 (10.0%)

0 (0.0%)

2 (5.0%)

2 (5.0%)

0.291

Respiratory depression

1 (2.5%)

2 (0.0%)

1 (2.5%)

0 (0.0%)

0.124

Delayed Extubation

1 (2.5%)

1 (2.5%)

1 (2.5%)

0 (0.0%)

0.797

Total Paracetamol

0 (0.0%)

0 (0.0%)

0 (0.0%)

1 (2.5%)

0.389

Total Tramadol

2 (5.0%)

2 (5.0%)

0 (0.0%)

2 (5.0%)

0.556

Sedation

P-value
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Discussion

effect may increase the intervals between urgency
episodes, helping to augment bladder capacity26.

Our study demonstrated the effectiveness of
preoperative tramadol, clonidine and pregabalin in
decreasing the prevelance and severity of catheter
related bladder discomfort in the postoperative period.

Clonidine is a centrally acting selective
partial alpha 2 adrenergic agonist that acts as an
antihypertensive drug by virtue of its ability to
decrease sympathetic nervous system output from
central nervous system. Alpha 2 receptors within
the spinal cord modulate pain pathways resulting
in analgesia27. It binds to alpha 2 receptors of which
there are three subtypes alpha 2a, 2b, 2c. Alpha 2a
produces sedation, analgesia and sympatholysis, alpha
2b mediates vasoconstriction and antishivering. The
startle response may reflect activation of alpha 2c.
Clonidine stimulates alpha 2 adrenergic inhibitory
neurons in medullary vasomotor centre resulting in
decrease of sympathetic nervous outflow from central
nervous system to peripheral tissues, manifested as
peripheral vasodilation and decrease in systemic blood
pressure, heart rate and cardiac output.

The bladder receives cholinergic innervation
from the pelvic nerves and adrenergic innervation
from the hypogastric nerves. It has a heterogeneous
population of type 2 and 3 muscarinic receptors.
Although M2 receptors predominates in the bladder
and modulates detrusor contraction, the subtype
M3 receptors are primarily responsible for bladder
contraction20. Acetylcholine is released by cholinergic
nerves supplying bladder and is stimulated by irritation
due to urinary catheter, causing muscarinic receptormediated involuntary contractions of the detrusor21.
Inflammatory mediators and calcitonin gene related
peptide (CGRP) are also postulated to be responsible
for pain and detrusor contraction leading to CRBD.
The treatment modalities of CRBD are varied with
different mechanism of action ranging from their action
on muscarinic receptors, peripheral and central pain
modulation and decreased synthesis of prostaglandins.
Tramadol, a synthetic opioid of the
aminocyclohexanol group, is centrally acting opioid
analgesic with a low affinity for opioid receptors and
selectivity for mu receptors and preferentially inhibits
serotonin reuptake. It also has inhibitory effect on Mı
and Mӡ muscarinic receptors, thus postulating to be
beneficial for CRBD22.
Pregabalin is an analogue of the inhibitory
neurotransmitter GABA, but does not interact with
GABA receptors or mimic the actions of GABA.
It interacts with an auxiliary subunit (alpha2-delta
subunit) of voltage-gated calcium channels23 thus
attenuating depolarization-induced calcium inﬂux at
nerve terminals, with a subsequent reduction in the
central release of excitatory neurotransmitters (e.g.,
glutamate, substance P, calcitonin, noradrenaline,
gene-related peptide)24,25. Peripheral release may lead
to the subsequent inhibition of bladder smooth muscle
contraction and to decreased amplitude of detrussor
contractions. Pregabalin’s capacity to suppress the
release of excitatory neurotransmitters is probably
responsible for its analgesic properties. This analgesic

Our study is different from previous studies in
regards to dosage, time and route of administration.
Srivastava VK28 et al in their study on 60 patients
undergoing elective spine surgery evaluated the effect
of preoperative 150mg Pregabalin with placebo on
incidence and severity of CRBD and found a significant
decrease in incidence at 0hr, 1hr, 2hrs, and 6hrs.
Two studies29,30 evaluated the effects of
preoperative tramadol 1.5mg/kg iv on the incidence
and severity of CRBD and found significant decrease
in the incidence of CRBD upto 6 hours of observation,
however increased adverse effects like sedation,
nausea and vomiting were also noted.
Two studies evaluated the efficacy of
dexemedetomidine on postoperative CRBD. Akca
B et al evaluated the efficacy of prophylactic 1mcg/
kg of dexmedetomidine i.v 5 minutes before the end
of surgery31 whereas Kim HC et al studied effect of
intraoperative dexmedetomidine 1.5 mcg/kg loading
followed by 0.5 mcg/kg/h infusion on postoperative
CRBD32. Both the studies reported lower incidence of
CRBD as compared to control group.
In our study preoperative use of 75mg Pregabalin
decreased the incidence and severity of CRBD at 0h, at
1h, at 2h and at 6h. Our study differed from the previous
studies in 2 aspects: firstly the dose of pregabalin used
was 75mg as compared to 150mg in the study done
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by Srivastava VK et al28, thus indicating that smaller
doses of pregabalin are equally effective in decreasing
the incidence and severity of CRBD. Secondly, in our
study the incidence of CRBD was lower compared to
the above study even though the patients underwent
endourological procedures. Compared to the study of
Agarwal A et al that used tramadol, our study differed
both in doses and route of administration. We found
that the incidence of CRBD were approximately equal
at time 0h; however the incidence of CRBD were very
low at 1h, 2h and 6h being 12.5%,15% and 12.5%
respectively in our study as compared to 32%, 28%
and 20% in study of Agarwal A et al.
The role of dexmedetomidine has been evaluated,
its use was associated with a decrease in the incidence
and severity of CRBD32,33. Clonidine belonging to same
group as Dexmedetomidine has never been evaluated,
though the mechanism of action may be different
for CRBD. Dexmedetomidine along with its spinal
and supraspinal effects has antimuscarinic effects
owing to its action on muscarinic type 3 receptors
present in bladder. Clonidine on the other hand has
no antimuscarinic effect. The effect of clonidine in
decreasing CRBD in our study was 30%vs 57.5% at
0h, 17.5%vs 62.5% at 1h, 15%vs65% at 2h and 7.5%vs
55% at 6h and may probably be due to its effect on
descending adrenergic system modulating pain relief.
Most of the studies have compared individual
drugs with placebo. A wide variation of effects on
CRBD between individual drug and placebo was
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seen. Our study is probably the first study where these
three drugs are compared with each other and found
to produces comparable results in decreasing CRBD.
Side effects like dry mouth, facial flushing,
blurred vision, sedation, PONV on perioperative use
of tramadol, pregabalin and clonidine are reported by
various authors9,10. Agarwal A et al in their study of
use of perioperative intravenous Tramadol for CRBD
reported side effects as sedation, vomiting and nausea.
Similarly Srivastava VK28 et al reported higher levels
of sedation in comparison to control group with the use
of pregabalin. In a study by Akca B et al hypotension
and bradycardia were the most common side effects in
patients receiving Dexmedetomidine31.
In our study postoperative sedation was the most
common complication observed. 12.5% patients in
Group IV had hypertension whereas 7.5% patients had
hypotension and 5% patients had bradycardia in Group
III. 10% patients experienced nausea and vomiting in
Group I. Respiratory depression and delayed extubation
was observed in 2.5% patients each in Groups I, II and
III, while none of the patients experienced insomnia,
hallucinations, unpleasant dreams or diplopia in the
postoperative period.
In conclusion premedication with Tramadol,
Pregabalin and Clonidine is equally effective in
controlling catheter related bladder discomfort along
with favourable perioperative and postoperative
conditions though postoperative sedation may be of a
concern.
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Combined use of strong opioids for
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Abstract
Background: Long-term clinical use of opioids in cancer patients can cause a wide range
of severe adverse effects such as respiratory depression and tolerance. Different pharmacological
techniques, such as rotation or switching from one opioid to another have been introduced during
the last decades, proposed for restoring the opioid response, in an effort to improve the balance
between analgesia and adverse effects. Although not advocated by the WHO, recent experimental
and clinical data suggest the possible use of an opioid combination to improve analgesia.
Objectives: Our primary outcome was to evaluate the possible analgesic efficacy of the
combination of transdermal fentanyl and oral oxycodone and secondary to assess the central
nervous system adverse events (mainly sedation) in patients suffering from moderate cancer pain.
Methods: We conducted a prospective, randomized, comparative study in 32 patients
suffering from moderate cancer pain. The patients continued the existing treatment and were
randomly allocated into two groups. Patients in the group A received an additional dose of 25 μg/h
transdermal fentanyl, while patients in the group B received an additional dose of 40 mg/d oral
oxycodone.
Results: We demonstrated that both treatments appeared to improve pain relief. However,
the patients who received the combination of transdermal fentanyl and oral oxycodone presented
significantly less sedation.
Conclusions: The present study demonstrated that the combination of potent opioids may
improve the pain relief in patients with moderate cancer pain. We addressed the possible advantages
of the use of oxycodone in future combinations within strong opioids. Since no opioid combination
regimen is evidence-based treatment, further appropriately designed studies are needed to clarify
the benefits and safety of combination opioid therapy and improve our therapeutic strategies
against cancer pain.
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Introduction
Opioid analgesics are the most frequently
used drugs and remain the mainstay of cancer pain
treatment1. The use of a single strong opioid in cancer
pain management has been common practice for a long
time1 . However, in some patients, long-term clinical
use of opioids can cause a wide range of adverse
effects such as respiratory depression, constipation,
and tolerance2,3. Therefore, strong opioids with nonopioids and adjuvant analgesics are in use during the
last decades for providing symptomatic relief in cancer
patients according to the WHO pain ladder1. However,
in a recent systematic review emphasis is given to
drug-drug interactions4. Drug-drug interactions are
reported to lead to serious adverse drug reactions in
patients treated with opioids for cancer pain4,5. The
authors addressed that the combined use of an opioid
and another drug with CNS depressant effect increases
the risk of acute opioid toxicity and may lead to severe
CNS adverse effects such as severe sedation and
respiratory depression4.
Switching or rotation from one opioid to
another has been introduced about 20 years ago. This
pharmacological technique has been proposed for
restoring the opioid response, in an effort to improve
the balance between analgesia and adverse effects,
although not always succesfully6,7. This is based on
the different biochemical characteristics and receptor
activity of opioids, presenting asymmetric tolerance
among them8. According to published reports,
equianalgesic doses with a second opioid lower than
the one being used may produce a better analgesia and
a reduction of the intensity of adverse effects in about
80% of patients9-11.
Clinical and experimental data are nowadays
in favor of co-administration of low doses of
different opioids, and claim that may produce
marked antinociceptive synergy with reduced central
nervous system (CNS) adverse effects12-14. The
European Association of Palliative Care (EAPC)
recommendations on opioids in cancer pain have
identified the practice of combination opioid therapy
as an important area15. A systematic review, literature
appraisal and recommendations for combination of
opioid therapy have been conducted16. In a recent clinical
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study compared opioid rotation versus combination for
cancer patients with chronic uncontrolled pain, both
techniques appeared to provide significant relief of
pain and improved patient satisfaction17.
Based on this rationales, and after using
this approach in several patients, an open-label,
prospective, randomized, comparative study was
designed with the aim of evaluating the possible
advantages of the combination of transdermal fentanyl
and oral oxycodone, concerning the analgesic efficacy
and CNS adverse events (mainly sedation) in patients
suffering from moderate cancer pain.

Patients and Methods
A sample of 53 cancer patients with moderate
pain was examined. Our study protocol, conformed
to the provisions of in accordance with the Helsinki
Declaration, was approved by the Scientific and Ethics
Committee of our institution. Patients, aged 60-75 years
old, were admitted to our palliative cancer care unit for
a period of 6 months. A written informed consent was
obtained from all patients before participating in the
study. The patients visited the palliative cancer care unit
requiring a change in the analgesic treatment that they
were already receiving because they were still suffering
from moderate pain [Numerical Rating Scale (NRS):
4-7]. Initial screening performed and excluded patients
if they were suspected to be abused with opioids, had
cardiac failure, respiratory failure, hepatic or renal
failure, impaired cognitive function and uncontrolled
central nervous system involvement. The analgesic
treatment that they were already receiving included
transdermal fentanyl (50-175 μg/h) or sublingual
fentanyl (200-600 μg). Additional adjuvants included
gabapentin (900-2400 mg/d) or pregabalin (75-375
mg/d), paracetamol (3 g/d), lornoxicam (8 mg/d). The
patients continued the existing treatment and were
randomly allocated using sealed envelopes into two
groups. Patients in the group A received an additional
dose of 25 μg/h transdermal fentanyl, while patients
in the group B received an additional dose of 40
mg/d oral oxycodone. According to the equianalgesic
dose table of opioids, 25 μg/h transdermal fentanyl is
equianalgesic with 40 mg/d oral oxycodone.
The primary aim of this study was to evaluate
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Table 1
Pasero Opioid-induced Sedation Scale (POSS) with Interventions
Grade

Sedation level

Medical interventions

Grade 1

Awake and alert

Acceptable; no action necessary; may increase opioid dose if needed

Grade 2

Slightly drowsy, easily aroused

Acceptable; no action necessary; may increase opioid dose if needed

Grade 3

Frequently drowsy, arousable,
drifts off to sleep during
conversation

Unacceptable; monitor respiratory status and sedation level closely until sedation
level is stable at less than 3 and respiratory status is satisfactory; decrease opioid
dose 25% to 50% or notify prescriber or anesthesiologist for orders; consider
administering a non-sedating, opioid-sparing non-opioid, such as acetaminophen
or a NSAID, if not contraindicated.

Grade 4

Somnolent, minimal or no
response to verbal and physical
stimulation

Unacceptable; stop opioid; consider administering naloxone; notify prescriber
or anesthesiologist; monitor respiratory status and sedation level closely until
sedation level is stable at less than 3 and respiratory status is satisfactory.

intervals. The Friedman test was used to compare
differences in the NRS in each group at D0, D3 and D6
time intervals. The results are presented as median and
1st (1stQ) and 3rd (3rdQ) quantiles. All p values were
two-sided, and p values less than 0.05 were considered
to indicate statistical significance.

the analgesic profile of the combination and secondary
outcome to investigate the CNS adverse effects
(mainly sedation). A questionnaire that included items
concerned the pain severity and sedation was completed.
Pain was rated with the numerical rating scale (NRS)
that ranged from 0 (no pain at all) to 10 (the worst pain
that you can imagine) and was evaluated on the same
day (D0), the third (D3) and sixth day (D6). Sedation
was evaluated using the Pasero Opioid Sedation Scale
(POSS) on the first and on sixth day (D0 vs D6)18.
Table 1 shows the Pasero Opioid Sedation Scale with
medical interventions required.

Results
After initial screening a total of 32 patients, aged
60-75 (median 66) years old were included in the
study. Male patients were predominantly more in both
groups (10/16 in group A and 11/16 in group B). As
shown in the table 2, the NRS was similar for the A
and B groups at D0 (Mann-Whitney U test, W=-1,703,

For the statistical analysis the Mann-Whitney
U test was used to compare differences in NRS and
sedation between the groups at D0, D3 and D6 time

Table 2
Statistical analysis for NRS between groups A and B, at D0, D3, D6
Day 0

Day 3

Day 6

Group

Min.

1stQ

Median

3rdQ

Max.

A

4.00

6.00

6.00

6.00

7.00

B

5.00

6.00

6.50

7.00

8.00

A

3.00

4.00

4.00

4.25

5.00

B

3.00

4.00

4.00

4.25

5.00

A

3.00

4.00

4.00

4.00

5.00

B

3.00

4.00

4.00

4.00

5.00

D0 vs D3 (p <0,01), D0 vs D6 (p <0,01), D3 vs D6 (p=0,558, NSS)
NSS = non statistical significance
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p=0,09), T3 (Mann-Whitney U test, W=0, p=1) and
D6 (Mann-Whitney U test, W=1,123, p=0,371). Using
the Friedman test, there was statistically significant
difference in the NRS at D0, D3 and D6 in each group
(x2=57,226, p <0,001). Post hoc analysis (WilcoxonNemenyi-McDonald Thompson test) showed that there
was a statistically significant difference in the NRS at
D0 and D3 (p <0,01) and at D0 and D6 (p <0,01) but
not between D3 and D6 (p=0,558) between groups A
and B.
In between groups statistical analysis (Table 3)
showed significantly lower sedation levels (p <0.01) in
patients of group B, compared with patients of group A
(D0 vs D6), both at POSS grades 2 and 3. Importantly,
POSS grade 3 sedation is considered non acceptable
and needs closed observation.
Table 3
Statistical analysis for Pasero Opioid-induced Sedation Scale
(POSS) between both groups (D0 vs D6)
Group A
(n=16)

Group B
(n=16)

P value

Grade 1

0

12

P <0.001

Grade 2

14

4

P <0.01

Grade 3

2

0

P <0.001

Discussion
In our open-label clinical, prospective, randomized study we compared two different methods
of treatment and combined two strong opioids
(transdermal fentanyl and oral oxycodone) in
patients with moderate cancer pain. We showed that
both treatments appeared to improve pain relief.
However, the patients who received the combination
of transdermal fentanyl and oral oxycodone presented
significantly less sedation. The Pasero Opioid-induced
Sedation Scale (POSS), used in our study has been
recommended as the superior sedation scale for the
measurement of sedation during opioid administration
for pain management19. In a comparative study among
three different sedation scales the POSS scored
higher in combined measures of ease of use, nursing
confidence, and usefulness of information provided to

make clinical decisions19.
The use of opioid combinations is not advocated
by the World Health Organization (WHO). In the
guidelines for the relief of chronic cancer pain, the
WHO recommends that cancer pain may be managed
by following the analgesic ladder1. However, the
effectiveness of these guidelines in clinical practice
has been questioned20. The EAPC assessed patients
with cancer, on strong opioid analgesia in which two
or more strong opioids were used simultaneously and
analgesia and/or side effects were assessed as study
outcomes15. A systematic review was conducted and
concluded that the evidence to support this practice
is limited and only a weak recommendation can be
used to support combination opioid therapy16. This
recommendation is also based on the caveat that the
desirable effects of combination opioid therapy is
outweighed by any disadvantages that this would
confer. The authors suggested that prospective
randomized trials are needed to clarify the benefits and
safety of combination opioid therapy16.
The scientific basis for combination opioid
therapy is complex and not well understood. The
rationales for combination opioid therapy, in which
two or more strong opioids were used simultaneously,
are mainly to improve analgesia and secondary to limit
the development of opioid tolerance and decrease
opioid side effects12,13. In recent years evidence has
been evolving and basic scientific work is potentially
supporting a role for combination opioid therapy. There
is now adequate evidence showing clearly that multiple
opioid receptors and subtypes of these receptor groups
exist21. Additionally, pharmacological differences
among mu-opioid analgesics have been observed in
experimental studies, implying that all mu-opioids
may not be working through the same mechanism of
action21. These findings suggest in between-opioids
differences indicating a complex pharmacology for
opioid receptors10. However, in response to repeated
administration of an agonist, opioid receptors undergo
adaptations such as desensitization, down-regulation,
and internalization, which may contribute to the
development of tolerance and reducing eventually the
use of opioids as analgesics22.
It has long been appreciated by clinicians the
fact that individual patients may respond better to
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one mu-opioid analgesic than another, improving
tolerability and restoring satisfactory pain relief7,8.
Actually, this is the rationale for opioid switching7,8.
Additionally, evidence suggests the presence of
functional interactions among mu-opioid analgesics,
consistent with the involvement of multiple subpopulations of mu-opioid receptors23. Interactions
with other opioid receptors have also been recently
reported in clinical-and experimental studies, showed
that increased analgesia results with an improved sideeffect profile12,14,16. Accordingly, these data indicate the
potential of synergic effects when using opioids with
different receptor characteristics24. This may provide
a scientific rationale for the use of combination opioid
therapy.
In our study we combined transdermal fentanyl
and oxycodone. The choice of oxycodone was based
on adequate literature evidence, both in experimental
and clinical studies14,16,25. In contrast to mu-opioids,
intrinsic antinociceptive effects of oxycodone seem to
be principally mediated by putative kappa-receptors26.
It is possible that the synergistic analgesic effect may
be the result of the simultaneous activation of both
the mu-and kappa-opioid receptors. This synergistic
interaction between mu-opioids and oxycodone
appears to require both mu-and kappa-opioid receptors.
Although the exact cellular mechanism mediating this
synergistic effect is not clear, it may be attributed
to up-regulation of G-protein activation leading to
antinociception27.
Co-administration of sub-antinociceptive doses
of morphine and oxycodone in experimental studies
produced unexpected antinociceptive synergy with a
reduced incidence of CNS side effects relative to equiantinociceptive doses of either opioid alone. These
findings were observed irrespectively of the route the
opioids were administered9.
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consumption was significantly reduced (38%) in
patients receiving a combination of morphine and
oxycodone as opposed to those receiving morphine
alone25. Of interest and similar to our results a
synergistic effect between the two drugs was apparent
during the first week of oxycodone treatment. The
authors concluded that a combination of morphine and
oxycodone may be a useful alternative to morphine
alone, with a better analgesic profile and fewer CNS
side effects (nausea, vomiting and sedation)25.
Possible explanations for these findings may
include that oxycodone has been shown to behave
differently from other opioid agonists through varying
effects on the G protein activation inwardly rectifying
potassium currents (GIRK) in animal models28.
Additionally, oxycodone undergoes O-demethylation
through the enzyme CYP2D1 and is metabolised to
oxymorphone, a mu-opioid agonist with a potency 10fold greater than that of morphine29. Obvious limitation
of our study is the lack of control group, as in most
studies of cancer patients.
In conclusion the simultaneous use of two strong
opioids is another clinical practice that seems to
gradually gain more acceptance among patients with
cancer pain. The present study demonstrated that the
combination of potent opioids may improve pain relief
in patients with moderate cancer pain. Additionally,
the patients who received the specific combination of
transdermal fentanyl and oral oxycodone presented
significantly less sedation, highlighting the possible
advantages of the use of oxycodone in future
combinations within strong opioids. Since no opioid
combination regimen is evidence-based treatment,
further appropriately designed studies are needed to
clarify the benefits and safety of combination opioid
therapy and improve our therapeutic strategies against
cancer pain.

In a clinical study, the rescue morphine
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Abstract
Background: Different additives such as opioids and steroids have been used to prolong
analgesic effect of local anesthetics. We aimed to compare the efficacy of dexamethasone and
fentanyl as an adjuvant to lidocaine in infraclavicular brachial plexus block.
Methods: In this prospective; randomized, clinical trial, eighty one patients 20-60 years old
with American Society of Anesthesiologists (ASA) class I and II undergoing elective hand and
forearm surgery under infraclavicular brachial plexus block were included in the study. Patients
were randomly allocated to receive either 40 ml 1% lidocaine with 2 ml distilled water (Group
L, n=27), 40 ml 1%lidocaine with 2 ml (8mg) dexamethasone (Group LD, n=27), or 40 ml1%
lidocaine with 2 ml (100µg) fentanyl (Group LF, n=27). The onset time and duration of sensory
and motor block and Visual Analogue Scale (VAS) at the time of return of sensation were evaluated
and recorded.
Results: When added to Lidocaine, dexamethasone or fentanyl prolonged the duration of
sensory and motor blocks and more than lidocaine alone. The onset times of sensory and motor
blocks were similar in the studied groups. Conclusion: Addition of dexamethasone or fentanyl to
lidocaine in infraclavicular block significantly prolonged the duration of sensory and motor block
and reduced VAS scores.
Keywords: Brachial plexus block, Dexamethasone, Fentanyl, Infraclavicular, Lidocaine.

Introduction
Pain, after orthopedic surgeries, can be intense1 and associated with neuroendocrine
response, catecholamine release, and increased morbidity. Central sensitization is believed to be
among the mechanisms implicated in the persistence of postoperative pain. Regional techniques
have been suggested to produce better analgesia compared to systemic opioids, may improve
outcomes, and decrease the adverse side effects of narcotics, and increase the degree of patient’s
satisfaction2. Infraclavicular block can provide analgesia for the upper extremity and is considered
a good approach for analgesia below the elbow. It blocks the brachial plexus below the level of
clavicle3. Prolonging the duration of sensory and motor block of regional anesthetic techniques
1
2
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is often desirable. This provides adequate anesthesia
for prolonged surgeries and produces pain relief in
the immediate postoperative period4. Investigators
have tried various mixtures of local anesthetics with
adjuvant drugs in an attempt to prolong analgesia from
nerve block5.Various adjuvants used to prolong the
duration of regional blocks included corticosteroids4.
Steroids induce a degree of vasoconstriction and act by
reducing local anesthetic absorption. A more attractive
theory is that dexamethasone increases the activity of
inhibitory potassium channels on nociceptive C-fibers
(via glucocorticoid receptors), thus decreasing their
activity6,7. Some clinical studies have shown that
addition of opioids to local anesthetics injected to
brachial plexus increases the success rate and prolongs
the duration of block and improves postoperative
analgesia8.
The aim of this randomization clinical trial is
to compare the efficacy of dexamethasone versus
fentanyl as adjuvants to lidocaine on infraclavicular
brachial plexus block characteristics (onset time and
duration of sensory and motor block) and postoperative
analgesia.

Siamak Yaghoubi et. al

pulse oximetry and noninvasive blood pressure
monitoring were applied and oxygen was delivered
via facemask at a rate of 5 lit/min. Intravenous access
was secured with 18-G cannula on the contralateral
hand and 2 mg midazolam was administered to all
patients as a premedication. Patients were placed in
supine position with 90 degree abducted arm. Our
landmark was the point 2 cm inferior and 2 cm medial
to the coracoid process. This point was cleaned and
infiltrated with 1% lidocaine (2 ml). A 10 cm, 21-G
insulated needle applied to a nerve stimulator was
then inserted at a 45 degree angle to the skin. The
nerve stimulator was initially set to deliver a current
of 1.0 mA. After electrical stimulation of the cord and
production of a visible local twitch, the current was
gradually reduced to 0.3 mA or less, and the needle
was slowly inserted until muscle activity resumed
and finally local anesthetic was injected at that site.
Patients were monitored for any complication during
the block procedure and surgery.
Fig. 1
CONSORT flow diagram

Materials and Methods
After the approval by the Ethics Committee of
Qazvin University of Medical Sciences and obtaining
written informed patient consents, eighty-one patients
20-60 years old with ASA class I and II undergoing
elective hand and forearm surgery under infraclavicular
brachial plexus block were included in the study.
The recommendations of Consolidated Standards
of Reporting Trials (CONSORT) for reporting the
randomized, controlled clinical trials were followed
(Figure 1). Patients with any history of allergy to local
anesthetics, peripheral vascular disease, coagulopathy,
infection at site of injection, neuropathy and pregnant
patients were excluded from the study. Patients
were randomly allocated to receive either 40 ml 1%
lidocaine with 2 ml distilled water (Group L, control
group, n=27), 40 ml 1% lidocaine with 2 ml (8mg)
dexamethasone (Group LD, intervention group, n=27),
or 40 ml 1% lidocaine with 2 ml (100µg) fentanyl
(Group LF, intervention group, n=27). Intraoperative
standard monitoring including electrocardiogram,

The onset of sensory and motor block was
evaluated by the pinprick and gripping force at
30 seconds intervals. The time of onset of sensory
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Table 1
Demographic data for three study groups

Age (years)
Gender (M/F)
Duration of surgery(min)

Group L
(n=27)

Group LD
(n=27)

GroupLF
(n=27)

p-value

40 + 14.39

39.11 + 12.02

42.11 + 12.95

0.705

14/13

12/15

20/7

0.073

56.11 + 22.28

56.48 + 21.29

56.11 + 19.82

0.998

Values are presented as mean ± SD. L: lidocaine; LD: lidocaine with dexamethasone; LF: lidocaine with fentanyl.

block was defined as the interval between the end
of injection and loss of pain in pinprick test around
the injury2. The duration of sensory block was
defined as the time interval between the end of
local anesthetic injection and the complete recovery
of sensory block9. The duration of motor block
was defined as the time interval between the local
anesthetic injection and complete resolution of
motor function4.The intensity of pain was assessed
using the VAS (0= no pain, 10= the most intense
pain) .Patients were evaluated at 15, 30, 60 minutes,
and at every 30 minutes thereafter until complete
recovery of sensory and motor block.
Power of analysis: By using the formula for
calculating the sample size in quantitative groups,
taking into account the first type error of 5% and
the power of 80%, the sample size was calculated
in each group of 28 people. It should be noted that
the acceptable difference in the groups is considered
15%.

Assignment of patients into three groups
was implemented using block randomization. The
Kolmogorov –Simonov test was used to check for data
normality. ANOVA test was used for comparison of
quantitative data among the three groups. Qualitative
data was compared with Chi-square test. Results
were presented as mean ± SD, numbers, ranges and
percentages. P value <0.05 was considered statistically
significant.

Results
Patients’ demographics and duration of surgery
were similar among the three groups (Table1).
There were no significant differences in the onset
time of sensory and motor block among the three
groups (Table 2).
Table 2
Onset time of sensory and motor block in the three groups
(mean ± SD)
Groups

GroupL Group
(n=27)
LD
(n=27)

GroupLF p-value
(n=27)

Onset time of
sensory block
(min)

4.32 +
0.83

4.18 +
0.98

4.29 +
0.29

0.803

Onset time of
motor block
(min)

6.11 +
0.78

5.62 +
1.13

5.79 +
0.84

0.173

Values are presented as mean ± SD. L: lidocaine; LD: lidocaine
with dexamethasone; LF: lidocaine with fentanyl.

The durations of sensory block in Groups LD
and LF were longer than Group L with no significant
differences between Group LD and LF. In addition, the
durations of motor block in Group LD and LF were
longer than Group L with no significant difference
between Group LD and LF (Table 3).
The VAS scores in Group LD and LF were
lower than Group L with no significant difference
between Group LD and LF (Table 4). No significant
complication such as pneumothorax, respiratory
distress, Horner’s syndrome and vascular puncture
were observed in any of the groups.
M.E.J. ANESTH 25 (1), 2018
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Table 3
Duration of sensory and motor block in the three groups (mean ± SD)
Group L
(n=27)

Group LD
(n=27)

Group LF
(n=27)

p-value

Duration of sensory block (min)

105.70 + 9.27

190.1 + 16.08*

182.22 + 12.03*

< 0.001

Duration of motor block (min)

125.93 + 9.71

200.00 + 11.18*

195.56 + 9.54*

< 0.01

* p <0.05 vs. Group L
Values are presented as mean ± SD. L: lidocaine; LD: lidocaine with dexamethasone; LF: lidocaine with fentanyl.
Table 4
VAS score in the three groups

VAS score(at the time of return sensation)

GroupL
(n=27)

Group LD
(n=27)

Group LF P-value
(n=27)

7.64 + 1.46

5.92 + 0.742

5.53 + 1.76 < 0.001

* p <0.05 vs. Group L
Values are presented as mean ± SD. L: lidocaine; LD: lidocaine with dexamethasone; LF: lidocaine with fentanyl.

Discussion
In the current study, we demonstrated that
addition of dexamethasone or fentanyl to lidocaine
in infraclavicular block prolonged significantly the
duration of sensory and motor block and reduced VAS
score at the time of return sensation, with no significant
effect on onset time of sensory and motor block.
Our findings are generally consistent with
previous studies, but direct comparision is difficult
and controversial results may be due to the differences
in methodology, population variation, the variety of
local anesthetic mixtures used, and different methods
of evaluating block duration.
Several studies reported statistically significant
prolonged analgesia with the addition of perineural
dexamethasone10-18. In the study of Seddik addition of
dexamethasone to local anesthetic in infraclavicular
block leads to significantly shorter latency time with
prolonged postoperative analgesia19.
It is probable that prolongation of block using
local anesthetics and dexamethasone is because of its
systemic effect20,21. However the accurate mechanism
of prolongation of sensory and motor block with
dexamethasone seems not to well understood. It is
commonly attributed to steroid anti-inflammatory
effect22.

Several studies have attempted to determine
whether the addition of opioids to local anesthetics
would improve efficacy of peripheral nerve block10,11.
Some of the possible mechanisms for improvement
of analgesia produced by the peripheral application
of fentanyl are that fentanyl could act directly on
the peripheral nervous system and that fentanyl may
potentiate local anesthetic action via central opioid
receptor mediated analgesia by peripheral uptake of
fentanyl to systemic circulation23.
Prolongation of sensory and motor block durations
observed is consistent with that observed by Movafegh
et al which found that the addition of dexamethasone
to lidocaine in axillary block prolongs the duration
of sensory and motor block11. Similarly, Vieira and
coworkers showed that adding dexamethasone to
bupivacaine in interscalene block increases the duration
of analgesia16. Another study reported that addition
of dexamethasone to supraclavicular block prolongs
the duration of analgesia24.Yaghoobi et al studied
postoperative analgesic effect of dexamethasone
and fentanyl added to lidocaine in axillary block and
reported that the durations of sensory and motor block
were significantly longer in lidocaine + fentanyl group
compared to other groups2.
Our study is limited in the sense that we did
not use an ultrasound during the block and we did
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not conduct a postoperative evaluation of analgesic
consumption as well as a survey of patients and
surgeons satisfaction.

Acknowledgments: We would like to show our
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In conclusion, the addition of dexamethasone
or fentanyl to lidocaine in infraclavicular block
significantly prolongs the duration of sensory and
motor block and reduces VAS scores. Further larger
prospective trials are required to evaluate the role of
dexamethasone and fentanyl as an adjuvant to lidocaine
in the infraclavicular block.
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Abstract
Background: Neuraxial morphine can provide an effective post-cesarean analgesia with
minimal systemic effects on the parturients. Our study aimed to compare two different neuraxial
blocks-intrathecal and epidural injections in Cesarean section for post-operative analgesia and side
effects.
Methods: This prospective observational study included 108 ASA I or II patients who
underwent elective Cesarean section with central neuraxial block. The parturients either received
intrathecal morphine (ITM) of 0.1 mg or epidural morphine (EDM) of 3mg via combined spinal/
epidural block. An additional oral diclofenac sodium and paracetamol were also given as part
of multimodal post-operative analgesia. The pain scores were assessed by using the 0-10 Verbal
Numerical Rating Scale (VNRS), with rescue medication given to those with scores>4. Side effects
were also recorded and treated accordingly.
Results: Both ITM and EDM groups showed equally good post-operative analgesic results
with the highest median VNRS of only 1. There were no other additional rescue analgesics required.
However, side effects were significantly higher in the ITM group as compared to the EDM group
in terms pruritus (76.9% vs. 40.0%, p <0.001), nausea (35.9% vs. 10.0%, p=0.008) and vomiting
(29.5% vs. 6.7%, p=0.012). None of the patients developed respiratory depression.
Conclusion: While both intrathecal and epidural morphine were equally effective as postcesarean analgesia, epidural morphine was deemed to be more superior because of its lower
incidence of side effects.

Introduction
Opioids are commonly used as an additive to local anesthetics in neuraxial blocks for Cesarean
Section (C-S). It can enhance intra-and post-operative analgesia as well as minimize systemic
effects on the lactating parturients1. Its analgesic effect is exerted via opioid receptors (principally
µ receptors) in the substantial gelatinosa of the spinal cord; however side effects of pruritus,
1
2
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nausea, vomiting, and depression of ventilation have
been reported1,2.
Neuraxial opioids that are frequently used in C-S
include fentanyl and morphine2. Siti et al showed that
the overall post-operative pain score for 24 hours was
significantly lower in the neuraxial morphine group as
compared to the neuraxial fentanyl group3. Similarly,
Dahl et al concluded that by using morphine neuraxially,
it can prolong the time for the first additional analgesic
requirement post-operatively4. In addition, Palmer
et al showed that a single 3 mg epidural morphine
injection provide up to 18 hours of post-operative pain
relief without any significant respiratory depression
in parturients who underwent C-S5. This prolonged
analgesic effect was probably due to the lower lipid
solubility property of morphine that allowed it to be
concentrated in the CSF after a neuraxial injection2.
Therefore, neuraxial morphine is used more frequently
for prolonged post-cesarean analgesia.
In C-S, the two commonest routes for neuraxial
morphine administration are either through the
intrathecal or epidural blocks. Duale et al compared
two different neuraxial blocks for post-cesarean
analgesia-intrathecal morphine (ITM) and epidural
morphine (EDM) injections. They found that the
EDM group showed significant good post-operative
analgesic results with reductions in the requirement
for an additional parenteral morphine postoperatively.
However, both techniques resulted in similar incidence
of side effects6. Sarvela et al compared ITM and EDM
injection groups and also found that they had equal
good post-operative pain results with pruritus reported
significantly higher in the ITM group1.
Therefore, in view of these controversies
regarding the more superior technique for the post C-S
analgesic effect and side effects, we compared both
intrathecal and epidural blocks by using an equipotent
dose of morphine-0.1mg ITM and 3 mg EDM5,7 to
evaluate the efficacy and possible side effects.

Methods
This prospective observational study was
conducted in the obstetric unit of Hospital Kuala
Lumpur (HKL) from March 2016 to July 2016
after approval by the Dissertation Committee of the
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Department of Anesthesiology & Intensive Care,
UKMMC, Medical Research & Ethics Committee of
UKMMC(Project code: FF-2016-011) and Medical
Research & Ethics Committee (MREC) of Ministry of
Health Malaysia (NMRRID: 15-1463-26430).
Following written informed consent, patients
with ASA physical status of I or II, aged 18-45 years
who were scheduled for elective C-S with planned
Pfannenstiel incision were studied. Patients who
were morbidly obese, with contraindication for
regional anesthesia and with known allergy to the
drugs used in the study protocol were excluded.
Intra-operatively, patients with inadequate or
failed neuraxial blocks requiring additional local
anesthetics or conversion to general anesthesia were
excluded from the analysis.
Prior to the C-S, all patients were given oral
ranitidine 150mg, metoclopramide 10mg and 30ml
of mist sodium citrate 0.3M as premedication.
Upon arrival to the operation theater, non-invasive
monitoring with electrocardiogram, oxygen saturation,
and non-invasive blood pressure were applied
to all patients. They were also pre-hydrated with
500ml of Hartmann’s solution as per local protocol.
Intrathecal block or CSE was then performed based
on the anesthetist’s preference. Both types of neuraxial
blocks were performed at the level of L3/L4 or L4/
L5 interspaces with the patient in sitting position,
skin disinfected with povidone-iodine and intradermal
anesthesia achieved by using lidocaine 2%.
All intrathecal blocks were performed using a
27-gauge Pencan® spinal needle (B.Braun, Melsungen
AG, Germany) with heavy bupivacaine 0.5% (precalculated volume according to the patient’s height)
(Appendix 1), 20mcg of fentanyl and 0.1mg morphine
Appendix 1
Dosage of intrathecal injection for
heavy bupivacaine 0.5% 12:
Height

Heavy bupivacaine 0.5%

<140 cm

1.5ml

141-150cm

1.6ml

151-160cm

1.7-1.8ml

161-170 cm

1.9ml

>170cm

2.0-2.1ml

A comparative study of neuraxial block for post - cesarean analgesia and side effects:
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(total volume 2.0-2.6mls). As for the CSE block, the
needle-through-needle technique was used with an
Espocan® set (B.Braun, Melsungen AG, Germany)
which contained an 18-gauge Touhy needle and a
27-gauge Pencan spinal needle. The pre-calculated
volume of heavy bupivacaine 0.5% (Appendix 1)
with an addition of fentanyl 20 mcg were given for
the spinal component; while an additional of 3 mg
morphine diluted with 3 ml of normal saline was given
via the epidural catheter before the epidural catheters
were removed at the end of the operation.
IV dexamethasone 8mg and ondansetron 4mg
were also given to the patients for post-operative
nausea and vomiting (PONV) prophylaxis once babies
were delivered. Suppository diclofenac sodium 100 mg
was given to all patients at the end of the surgery. The
patients’ pain scores were assessed by the nurses in the
recovery room as well as before being discharged to
the wards.
As part of the management of post-operative pain
in the ward, all patients were given oral paracetamol 1
gram every 6 h and oral diclofenac sodium 50 mg every
8 h, which commenced 18 hours post-operatively for
3 days as well as IV injection of metoclopramide 10
mg every 8 h for one day as an addition for PONV
prophylaxis. The patients’ pain scores were assessed
every 4 h until 24-h post-operatively by nurses in the
ward. The overall pain score assessment was based on
the 0-10 verbal numerical rating scale (VNRS). Rescue
medication of oral tramadol 50 mg were prescribed to
all patients if the pain scores were more than 4.

45

All side effects were recorded at an interval
similar to the pain scoring assessments. The side effects
included pruritus, nausea, vomiting and respiratory
depression. Respiratory depression was defined as a
respiratory rate of less than 8 breaths per min and/or
the need for administrating 0.4 mg IV naloxone.
Sample size was calculated by using “Power
and Sample Size Calculations” v.3.0.43 software
(Vanderbilt Biostatistics, Nashville, TN, USA). With α
value determined at 0.05, power of study at 80% and
ratio of 0.38 (adjusted according to number of epidural
subjects matched to each intrathecal morphine subject),
this study required 78 patients for the ITM group and 30
patients for the EDM group after allowing dropout rate
of 10% to detect a decrease of itching from 80% to 50%
1
. Statistical analysis was performed using SPSS v.23.0
software (International Business Machines Corporation
[IBM], Armonk, NY, USA). Mann-Whitney U-test was
used to compare the median VNRS score between
the ITM and the EDM group. Chi-square was used
to compare the categorical data. A p-value <0.05 was
considered as statistically significant.

Results
A total of 110 patients were recruited into the
study. However, two patients from the ITM group were
excluded from the analysis as both patients required
general anesthesia intra-operatively. One of them had a
failed block while the other had prolonged surgery due
to severe bowel adhesions. Therefore, a total of 108

Table 1
Demographic data. Values are expressed as mean ± standard deviation and numbers (%) as appropriate
Intrathecal morphine
(n=78)

Epidural morphine
(n=30)

p-value

Age (years)

32.3±4.8

32.9±4.0

0.48

Weight (kg)

72.6±11.4

74.7±11.8

0.41

Height (m)

1.6±0.4

1.6±0.1

0.57

29.9±4.4

30.6±4.5

0.46

42 (53.8)
36 (46.2)

13 (43.3)
17 (56.7)

0.33

BMI (kg/m )
ASA status
I
II
2

BMI: Body Mass Index (kg/m2), ASA: American Society of Anesthesiologists Physical Status Classification
M.E.J. ANESTH 25 (1), 2018
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Table 2
Pain score measured by VNRS. Values expressed as median
[interquartile range]
Intrathecal
morphine
(n=78)

Epidural
morphine
(n=30)

p-value

Upon arrival to
recovery room

0

0

0.81

Upon discharge from
recovery room Postoperative

0

0

0.30

4 hours

0[0-1]

0[0-0.25]

0.63

8 hours

0[0-1]

0[0-1]

0.71

12 hours

0[0-1]

0[0-1]

0.50

16 hours

0[0-1]

0[0-1]

0.83

20 hours

1[0-2]

1[0-2]

0.66

24 hours

1[0-2]

1[0-2]

0.57

VRNS: Verbal Numerical Rating Scale

patients (78 patients from ITM group; 30 patients from
EDM group) were included in the analysis.
Both ITM and EDM groups were comparable
with respect to age, height, weight, and body mass
index (BMI) and ASA status (Table 1). There were no
significant differences in the median 24 hours VRNS
pain score for both groups post-C-S. However, the
highest median score was only 1 from both groups
at the interval of 20th hour and 24th hour post C-S
(Table 2).
In terms of side effects, there were significantly
higher incidences of pruritus (76.9% vs 40%, p≤
0.001), nausea (35.9% vs 10.0%, p=0.008) and
vomiting (29.5% vs 6.7%, p=0.012) in the ITM group
as compared to the EDM group (Table 3). The peak
incidence time for all side effects was at 4th hour after
surgery in the ITM group and at 8th to12th hour post
surgery in the EDM group (Figures 1, 2 and 3). There
were no reported cases of respiratory depression in
both groups of patients.

Discussion
Satisfactory post-cesarean analgesia is important
in order to allow early maternal mobilization and

Table 3
Side effects. Values expressed as numbers (%) of patients who
described the side effects at least once over 24 hours
Intrathecal
morphine
(n=78)

Epidural
morphine
(n=30)

p-value

Pruritus

60 (76.9)

12 (40.0)

<0.001

Nausea
Vomiting
Respiratory
depression

28 (35.9)
23(29.5)
0

3(10.0)
2(6.7)
0

0.008
0.012
-

discharge, as well as establishing maternal-child
bonding. Our results showed that patients in both
ITM and EDM groups were achieved comparable
pain control for the first 24 hours post C-S with an
overall median pain score <4. As part of the routine
post-operative pain management in the ward, all
patients received additional non-opioid analgesics i.e.
oral diclofenac sodium and paracetamol. With this
multimodal approach, good post-cesarean analgesia
was achieved with no rescue analgesics required
post-operatively. These results were consistent with
the study by Duale et al in which the addition of
non-opioids (propacetamol and ketoprofen) after
neuraxial morphine injection significantly reduced
post-operative parenteral morphine requirements6. Sun
et al also concluded that the combination of EDM with
intramuscular diclofenac resulted in more superior
analgesic efficacy in C-S when compared to the EDM
injection alone8.
However, observed side-effects (pruritus, nausea
and vomiting) were significantly higher in the ITM
compared to the EDM group which could be explained
by the pharmacokinetic profile of the opioid used. Most
of the intrathecal morphine remained in the CSF with a
lesser degree of vascular reabsorption, which allowed
a considerable amount of it to be spread cephaladly in
the spinal cord resulting in a higher incidence of side
effects such as pruritus, nausea and vomiting2,9,10. On
the contrary, in the presence of an extensive venous
plexus, most of the epidural morphine were reabsorbed
into the venous circulation before entering the CSF 2,9
which could explain the lower incidence of these side

A comparative study of neuraxial block for post - cesarean analgesia and side effects:
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Fig. 1
Incidence of pruritus in ITM and
EDM patient groups

* p <0.05

Fig. 2
Incidence of nausea in ITM and EDM
patient groups

\s* p <0.05
Fig. 3
Incidence of vomiting in ITM and EDM
patient groups

\s* p <0.05
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effects in the EDM group. The peak incidence time for
all these three side effects in the ITM group occured
at the 4th h post-C-S, which correlates with the time
required for the cephalad spread of morphine in the
CSF (within 1 to 5 hours)9,10. However, the delayed
occurrence of side effects in the EDM group (at 8th to
12th hours post-C-S) was probably due the requirement
of drug having to cross the dura before entering the
CSF9.

of the side effects observed in this study which could
have resulted in an overestimation of its clinical
significance. In addition, the timing of the prophylactic
drugs administered in relation to neuraxial morphine
may not have given the drug sufficient time to work.
Therefore, we recommend more objective studies to be
conducted to look into different modalities and timing
of prophylactic intervention in relation to opioid
administration in the prevention of its side effects.

Appropriate pharmacological therapy plays an
important role in preventing undesirable side effects
of opioids. Koju et al showed that prophylactic
administration of ondansetron-5-hydroxytryptamine-3
(5HT3) receptor antagonist to parturients receiving
intrathecal morphine could reduce the incidence
of both PONV and pruritus11. In our study, all
patients were prescribed with IV dexamethasone
and ondansetron for the prevention of PONV, yet the
incidence of side effects was relatively high especially
in the ITM group. One of the possible reasons was that
there was no scoring or grading done for the severity

In conclusion, both ITM and EDM injection
techniques were equally effective in providing postcesarean analgesia, and EDM injection technique was
shown to be more superior in terms of lower incidence
of side effects.
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DOES WARMING INTRAVENOUS FLUIDS DURING SPINALINDUCED HYPOTENSION DECREASE THE INCIDENCE OF
HYPOTENSION AND REDUCE THE AMOUNT OF FLUID,
TRANSFUSION AND EPHEDRINE REQUIREMENTS?
Hakkı Ünlügenç1, Ersel Güleç1, Murat Ilginel1,
İlker Ünal2 and Mustafa Emre31*

Abstract
Background/Aim: This study was undertaken to test whether warming IV fluids (37oC)
results in lower incidence of hypotension, less ephedrine and transfusion requirement and lower
fluid consumption than use of room-temperature fluids (22°C) in cesarean delivery patients
undergoing spinal anesthesia.
Materials and Methods: We studied 63 parturients with uncomplicated pregnancies
undergoing elective cesarean delivery under spinal anesthesia. Parturients were allocated randomly
as un-warmed fluid group (Group C, n=30) and warmed fluid group (Group W, n=30). Maternal
body temperatures, the incidence of hypotension, ephedrine and transfusion requirements, total
fluid volumes, and side effects were recorded.
Results: Maternal body temperatures were significantly higher in the warmed group compared
with the un-warmed group only at 15 min (p=0.02). There was no significant difference between
the two groups in the incidence of hypotension (70% (21/30), 56.7% (17/30) in Group C and W
respectively). Fluid requirement and ephedrine consumptions were similar between the two groups
and no patient needed blood transfusion.
Conclusion: In cesarean section patients undergoing spinal anesthesia, warming IV fluids
(37°C) resulted in lower incidence of decreased core temperature but did not affect the incidence
of maternal hypotension, ephedrine and transfusion requirement and volume consumption.
Keywords: Cesarean delivery, hypothermia, hypotension, ephedrine consumption, fluid and
transfusion requirement.

Introduction
Inadvertent perioperative hypothermia (IPH) during cesarean delivery is not rare and
frequently neglected, despite the recommendations by clinical guidelines1. Even a mild degree of
hypothermia (<1°C) can be associated with significant adverse complications including increased
wound infection rates, length of hospital stay, operative blood loss, anesthetic recovery time and
intraoperative hypotension2.
1
2
3
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Hypothermia-related hypotension may emerge
with various factors during surgery. First, inverse
relation has been demonstrated between hypothermia
and cardiac contractility during cardiac surgery3.
Second, negative inotropic and chronotropic effect
in humans, secondary to a declined sarcoplasmic
reticulum-Ca++ storage and decreased atrial calcium
sensitivity during hypothermia has also been reported
previously4. Third, mild hypothermia significantly
induces coagulopathy, increases blood loss, reduces
blood pressure and results in hypotension in surgical
patients. In a prospective randomized study, mild
therapeutic hypothermia significantly increased
surgical blood loss (16%) and transfusion requirement
(22%) in normothermic and mildly hypothermic
patients5. In another retrospective study, perioperative
hypothermia caused significantly higher fluid,
transfusion, vasopressor and inotrope requirement
in patients undergoing elective abdominal aortic
aneurysm repair6.
Apart from surgery, neuraxial anesthesia used
for cesarean delivery has also been demonstrated to
impair normal autonomic thermoregulatory control,
exacerbate inadvertent perioperative hypothermia and
thereby may increase the risk of blood loss, hypotension
and fluid requirement7,8. Finally, studies have shown
that patients with warmer body temperatures tend to
experience less acidosis, better cardiac contractility
and lower incidence of hypotension2,4. We assumed
that preventing hypothermia not only decreases the
incidence of hypotension but also reduces the fluid and
transfusion requirements.
Various measures such as pre-warming of
patients or fluids before anesthesia, perioperative
warming of iv fluids and active/passive cutaneous
warming techniques have all been used to prevent
or to reduce IPH9,10. However, to date, as far as we
know, the effect of intravenous fluid warming on the
incidence of hypotension, ephedrine requirement and
total volume consumption during cesarean section has
not previously been investigated.
This prospective, double-blinded, randomized,
controlled study was undertaken to test whether
warming IV fluids (37°C) results in lower incidence
of hypotension, less ephedrine and transfusion
requirements and lower fluid consumption than use of
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room-temperature fluids (22°C) in patients undergoing
cesarean section under spinal anesthesia.

Materials and Methods
This trial is registered with Clinical Trials. gov
with registration number: NCT02582112. Following
approval by faculty and ministry of health ethics
committee (23.09.2010 / 30, date / decision number)
and written informed patient consent, 63 healthy
parturients undergoing elective cesarean section with
spinal anesthesia were invited to participate in the
study. Inclusion criteria were previous cesarean section
and breech presentation. Exclusion criteria included
parturients younger than 18 and older than 43 years,
significant co-morbid disease such as preeclampsia or
eclampsia, thyroid disorders, neurological disorders,
increased risk of intra-operative hemorrhage (such as
placenta accreta), and any contraindication to spinal
anesthesia such as bleeding disorders or local infection
at injection site. Preoperatively and just before
beginning the study, parturients were instructed on
the use of pain scale (Verbal Rating Scale (VRS)) for
pain assessment. All parturients had fasted for at least
6 hours and no premedication was given except routine
antacid prophylaxis.
Following arrival in theatre, intravenous access
was achieved via an 18 Gauge venous cannula and
patients were monitored with automated blood pressure
cuff, lead II electrocardiogram, thermo digital clinical
thermometer, non-contact forehead thermometer and
pulse oximetry. Convective warming blankets were
used in all patients to maintain maternal temperature.
Parturients were allocated using computer
generated random numbers and sealed envelopes to
one of two groups as follows: Un-warmed fluid group
(Group C) and warmed fluid group (Group W).
Body temperatures in parturients were measured
before the induction of spinal anesthesia and at 15 and
30 min after the start of operation using both digital
oral thermometer (C402; Terumo Corporation, Tokyo,
Japan) and forehead skin thermometer (Thermofocus,
model 01500, TECNIMED, Varese, Italy) and the
highest reading was used for analysis. The operating
room ambient temperature was set and maintained
near 22°C by central air conditioning system. Ambient
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(Room) temperature was monitored continuously by a
thermometer (Klimalogg Pro). All iv fluids were stored
in a water-bath sufficient to maintain the temperature
of fluids at 22°C. They were taken out from storage and
covered with an invisible package just before infusion.
The spinal anesthesia was performed with the
parturient in the sitting position using a midline
approach at the L3-4 or L4-5 intervertebral level by
experienced, qualified anesthetists using a standard
spinal anesthetic technique. Following identification of
the intervertebral space and return of clear spinal fluid,
a standard spinal anesthetics consisting of 0.5% heavy
bupivacaine 10 mg combined with 25 mcg of fentanyl
was given. After intrathecal injection of anesthetics,
the parturients were placed in the supine position and
operating table was tilted by a 15°-20° left side for
the prevention of aortocaval compression. Maximum
sensory block height was tested using pinprick and
recorded at 1, 3, 5 10, 15, 20, 30, and 45 min after
patients placed supine following spinal anesthesia.
Surgery was allowed to start after obtaining a sensory
block higher than T5 dermatome.
Lactated Ringer’s infusions were started at
the maximal possible rate before the induction of
spinal anesthesia in both groups. In order to maintain
blinding, all intravenous fluids in the two groups were
given via a Hotline fluid warmer (Smiths Medical
ASD, inc. Rockland, MA 02370, USA), which was
only switched off in Group C and switched on in Group
W by an anesthetist in charge of the case. To provide
blinding, all hotline monitors and giving sets were
also covered in tubular bandage or invisible package
so that investigator was unable to see if there was any
condensation.
An anesthetist in charge of the case performed the
spinal anesthesia, administered fluid and supervised the
clinical management according to our clinical routine
practice, whilst a separate investigator blinded to the
treatment groups recorded hemodynamic parameters
(systolic blood pressure (SBP), diastolic blood
pressure (DBP), heart rate (HR)) and peripheral oxygen
saturation (SpO2) preoperatively and at 1, 3, 5 10, 15,
20, 30 and 45 min after IT injection intraoperatively.
Hypotension, defined as systolic blood pressure
less than 80% of baseline (prenatal) or <90 mm Hg, was
treated with repeated doses (10 mg) of IV ephedrine.
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Bradycardia (defined as any rhythm disorder with
a heart rate less than 50 beats min-1) was corrected
with iv 0.5 mg of atropine sulfate.

The occurrence of hypotension (administration
of at least one dose of ephedrine), mean amount of
blood loss (measured by visual estimation), ephedrine
requirements (number of patients requiring ephedrine
and mean dose of ephedrine consumption), total fluid
consumptions, bradycardia, hypoxemia (SpO2 < 90),
pain (VRS), shivering, nausea and vomiting were
recorded intraoperatively. A less than 24% hematocrit
(or 8 gr of hemoglobin) was regarded as transfusion
requirement.
Pain was assessed using a pain scale (verbal
rating scale (VRS) from 0 to 10 (0=no pain, 10= most
intense pain imaginable) by an anesthetist blinded to
the treatment group. If pain score exceeded four or
the patient requested supplement analgesia, 1 mg/kg
of tramadol was given intravenously for postoperative
pain relief. Side effects such as hypoxemia, shivering,
nausea and vomiting was graded as present or absent as
well. Maternal body temperatures were also recorded
preoperatively, and at 15, 30 min intraoperatively, and
5, 15, 30, 60 and 120 minutes postoperatively.
After delivery, umbilical artery blood gas samples
(PO2, pCO2, pH, Base excess (BE) and hematocrit
(Htc)) were taken and Neonatal Apgar scores at 1 and
5 min after delivery were recorded by an attending
pediatrician who was unaware of the groups.
Demographic data (age, weight, and height),
parturient characteristics (parity and gravity)
and duration of surgery were recorded by an
anesthesiologist blinded to groups. When the surgery
is done, the Hotline fluid warmer was switched off and
disconnected, and a standard IV fluid infusion set was
attached.
On arrival to postanesthesia care unit (PACU),
pain, level of sensory and motor blockage, hemodynamic
variables (SBP, DBP, HR and SpO2) and side effects
were evaluated. Discharge criteria for the ward were
resolved motor block, hemodynamic stability (blood
pressure within 20% of the preanesthetic levels),
absence of clinically significant pain, no nausea or
vomiting.
The primary study endpoint was the incidence
M.E.J. ANESTH 25 (1), 2018
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of intraoperative maternal hypotension (ephedrine
requirement). We calculated that 60 women, 30 for
each group would be needed to demonstrate a 35%
difference in the incidence of intraoperative maternal
hypotension or ephedrine requirement between groups
(beta=0.2, alpha= 0.05). Normality was evaluated for
each continuous variable, and normally distributed
values were presented as mean (SD), others as median
(range) where appropriate. Categorical variables were
summarized as number and percent. Demographic
(maternal age, height and weight) variables were
analyzed using Student’s T test. Clinical data were
analyzed using the Student-t / Mann-Whitney’s U
test where appropriate. The incidence of hypotension
in the groups was compared by Chi-square test.
Hemodynamic variables were analyzed by repeated
measure analyses (RMA). The incidences of side
effects were analyzed using Chi-square tests. P values
lower than 0.05 were considered significant. IBM
SPSS 20.0 (IBM SPSS, inc., Chicago, IL) was used to
perform statistical analyses.

Fig. 1
Flowchart of the patients
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Results
Sixty-three patients were enrolled but only
60 patients completed the study. There were 3
withdrawals: 2 were because of a protocol violation in
Group C, and 1 in Group W because of inadequate data
collection. These patients were dropped from further
analysis (Figure 1).
There were no significant differences between
the two groups in demographic data, parturient
characteristics and duration of surgery (Table 1).
Neonatal Apgar scores at 1 and 5 min after delivery
and umbilical artery blood gas samples were also
similar (Table 2). There was no statistically significant
difference in the hemodynamic data (SBP, DBP, HR
and SpO2) between groups. Perioperative SBP and DBP
values are shown in Figure 2-3. HR and SpO2 values
during all study periods were within the normal range.
Maximum sensory block height was achieved within
10 min in both groups and no significant difference in
the level of maximum sensory block height was found
between the two groups (Table 3).
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Table 1
Demographic data and duration of surgery in groups.
Data are presented as mean ± SD or median (range).
Group C
(n=30)

Group W
(n=30)

P-value

Age (year)

32.4±6.3

31.6±4.7

0.58

Height (cm)

1.60±5.0

162±5.7

0.32

Weight (kg)

79.9±12

75.5±11.3

0.15

Parity

2.5 (1-6)

2 (1-4)

0.55

Gravidity

3 (1-11)

3 (1-5)

0.11

Duration of surgery (min) 47.9±12 46.2±13.3 0.58
Data are presented as mean ± SD or median (range).
Table 2
Neonatal Apgar scores and umbilical artery gas values.
pO2: Oxygen pressure, pCO2: Carbon dioxide pressure, Htc:
Hematocrit Data are presented as mean±SD or median (range)
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Table 4
Estimated blood Loss, total amount of volume infused,
incidence of hypotension and ephedrine requirements.
Data are presented as mean±SD, median (min-max) or n (%)
Group C
(n=30)

Group W
(n=30)

P-value

Total volume (mL)

1870±386

1796±251

0.38

Hypotension (n %)

21(70%)

17(56.7%)

0.42

Mean dose of
ephedrine (mg)

20.6±18.5
20 (0-50)

13.6±15.4
10 (0-50)

0.11

Data are presented as mean±SD, median (min-max) or n (%)

Table 5
The number of patients requiring ephedrine in groups.
Data were presented as count (% within group).

Group W
(n=30)

P-value

Apgar score @ 1. min 8 (3-9)

9 (5-10)

0.94

Apgar score @ 5. min 8 (6-10)

9 (9-10)

0.40

mg

0.49
7.34±0.05
0.47
23.9±5.7
0.93
43.1±6.5
-1.5 (-4.9
3.8)

00

Count (%)

9 (30%)

10

Count (%)

4 (13,3%)

20

Count (%)

6 (20%)

30

Count (%)

3 (10%)

3 (10%)

6 (10%)

40

Count (%)

3 (10%)

3 (10%)

6 (10%)

50

Count

5 (16.7%)

1 (3.3%)

6 (10%)

Group C
(n=30)

Umbilical artery
pH
pO2 (mmHg)
pCO2 (mmHg)
BE

7.35±0.03
25.1±6.8
43±5.7
-1.9
(-8.6
0.6)

Htc
43±4.5
44±5.7
0.44
pO2: Oxygen pressure, pCO2: Carbon dioxide pressure, Htc:
Hematocrit
Data are presented as mean±SD or median (range)
Table 3
Maximum sensory block heights.
Data are presented as median (min-max).
K- Wallis Test was used

Ephedrine

Group
Control

Total

Warming
13 (43,3%) 22 (36,7%)
5 (16.7%)

9 (15%)

5 (16.7%) 11 (18.3%)

Data were presented as count (% within group).

Table 6
Tramadol consumption, incidence of nausea and shivering.
Data are presented as n or n (%)

Group C
(n=30)

Group W
(n=30)

P-value

Time
1 min
3 min
5 min
10 min
15 min
20 min

T10 (T5-T12)
T6 (T4-T12)
T5 (T2-T10)
T4 (T2-T6)
T4 (T2-T6)
T4 (T2-T6)

T8 (T4-T12)
T6 (T4-T12)
T4 (T2-T10)
T4 (T2-T8)
T4 (T2-T7)
T4 (T2-T7)

0.76
0.42
0.36
0.72
0.70
0.29

Tramadol (n)

24 hr

2

0

0.30

30 min

T4 (T2-T6)

T4 (T2-T7)

0.19

Shivering (n %)

6 (20%)

1 (3.3%)

0.10

45 min

T5 (T2-T7)

T4 (T2-T7)

0.24

7 (23.3%)

0.55

Data are presented as median (min-max)

Group C Group W
(n=30)
(n=30)

P-value

120 min

6

7

0.67

6 hr

16

13

0.50

12 hr

7

3

0.33

Nausea (n %)
9 (30%)
Data are presented as n or n (%)
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Fig. 2
Perioperative systolic blood pressures in the two groups.

Fig. 4
Maternal body temperatures in the two groups.
Maternal body temperatures in parturients randomized
to two groups: IV fluid warming at 37°C and controls (at
approximately 22°C). Time is after induction of anesthesia
(preoperative control, 15 and 30 min), followed by time in the
postanesthesia care unit (5, 15, 30, 60 and 120 min). *P =0.02
between groups.

Fig. 3
Perioperative diastolic blood pressures in the two groups.

The number of patients requiring supplement
analgesic (tramadol) for postoperative analgesia and
shivering was similar and no significantly different pain
scores (data not presented) were recorded throughout
the study period between the two groups (Table 6).

Transient hypotension occurred in each group
despite iv fluid therapy and ephedrine administration.
The incidence of hypotension after spinal anesthesia
was 70% (21/30) in-Group C and 56.7% (17/30) in
Group W. There was no significant difference between
the two Groups in the incidence of hypotension (Table
4). The total amount of fluid infused throughout
study period was also similar between the two groups
(Table 4). Although fewer patients in Group W needed
ephedrine, there was no significant difference in the
number of patients requiring ephedrine and in the
mean dose of ephedrine consumption between the
two groups (Table 4, 5). No patient needed blood
transfusion.

Maternal body temperatures were found
significantly higher only at 15 min in Group W than
in group C (p=0.02) (Figure 4). Six patients (20%) in
Group C and one patient (3.3%) in Group W shivered.
All required treatment with iv tramadol (25 mg) (Table
6). Although much shivering was observed in group C,
no significant difference was found between the two
groups.
Nausea was experienced by nine patients (30%)
in Group C and seven in Group W (23.3%). All of
these patients were successfully treated by correcting
hypotension (Table 6). No complication or major side
effect related with spinal anesthesia was recorded.

Discussion
Despite a plethora of published clinical
guidelines and manuals, the incidence of Inadvertent
Perioperative Hypothermia (IPH) varies from 6-90%,

Does warming intravenous fluids during spinal - induced hypotension decreases the incidence
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depending on the use of active/passive warming
techniques11-13. Concerns for the development of IPH
are still high and routine use of warming techniques
during cesarean delivery is not widely practiced.
The administration of 1 L of crystalloid solution
at room temperature has been demonstrated to decrease
mean body temperature approximately by 0.25°C14.
Therefore, prevention of IPH by using warming
techniques is important. Even prevention of small
changes in temperature (e,g, 0.25°C) decreases the
degree of hypothermia and associated side effects14.
Some reports have advocated that warming iv fluids
prevents hypothermia in parturients undergoing
elective cesarean delivery, whereas others have
reported no benefit at all15. Woolnough et al2 and Goyal
et al16 evaluated the effect of warming intravenous
fluids during elective cesarean delivery under regional
anesthesia and reported that warming iv fluids does
not preserve baseline core temperature of the patients,
but significantly mitigates the decrease in maternal
temperature during cesarean section.
These results were similar to our findings, in
which warming IV fluids resulted in lower incidence of
decreased core temperature. Although maternal body
temperatures in both groups were not significantly
lower than preoperative baseline values, it was
significantly higher in the warm fluid group only at 15
min compared with the control group.
To date, many studies examining the effect
of warming iv fluids on maternal comfort and
fetal outcomes during cesarean delivery have been
conducted. However, as far as we know, the effects
of warming iv fluids on hemodynamic variables have
not been investigated in details. Thus, this is the first
study comparing the effects of warmed (37°C) and
non-warmed (22°C) fluid infusions during cesarean
section undergoing spinal anesthesia on the incidence
of hypotension, fluid, transfusion and ephedrine
requirement.
Various studies in humans have shown that
hypothermia can lead to hypotension by depressing
left ventricular contractility and exerting negative
inotropic effect in myocardium3,4. Patients with
warmer body temperatures tend to experience less
hemodynamic and rheological side effects. Unlike
other surgical population, IPH more easily develops
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in pregnants undergoing cesarean delivery with
neuraxial anesthesia. Furthermore, cesarean delivery
distinguishes from any other surgical intervention
as neuraxial anesthesia produces a sympathectomy
in lower part of body that reduces the threshold for
vasoconstriction and results in significant heat loss
and hypothermia17. Additionally, parturients often
receive greater volumes of iv fluid to compensate for
the decrease in systemic vascular resistance provided
by sympathetic block during spinal anesthesia when
compared with general anesthesia. Therefore, warming
iv fluids is particularly important in cesarean delivery
performed spinal anesthesia because of the relatively
high fluid volumes infused. With warming fluids, the
magnitude of any decrease in body temperature and
hypothermia-related hemodynamic fluctuations can be
reduced or prevented. In our study, although transient
hypotension occurred in each group, no significant
difference was detected in the incidence of hypotension
between the two groups.
Studies evaluating the hemodynamic and
rheological effect of fluid warming during cesarean
delivery have shown conflicting results. Although
some studies have demonstrated beneficial effect of
warming fluids, others have failed to demonstrate any
effect at all15,18.
In a retrospective study, IPH caused significantly
greater fluid transfusion, vasopressor and inotrope
requirements in patients undergoing elective abdominal
aortic aneurysm repair6.
These results were supported by a meta-analysis
evaluating the effect of IPH on surgical blood loss
and transfusion requirement. In that meta-analysis,
although hemodynamic data were not presented,
authors reported that even a mild hypothermia (<1°C)
significantly increase blood loss and the relative risk
for transfusion5.
In contrast, in another meta-analysis evaluating
the effect of warming patients during cesarean section
on maternal and neonatal outcomes, authors reported
that warming did not significantly reduce the incidence
of hypotension, vasopressor requirement and
vomiting. However, in those studies neither data were
presented nor commented on whether the incidence of
hypotension differed between groups19. In our study,
although maternal body temperatures were significantly
M.E.J. ANESTH 25 (1), 2018
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higher at 15 min in Group W compared with Group
C, we couldn’t find any significance between the two
groups as to the incidence of hypotension, fluid, blood
transfusion and ephedrine requirement.
IPH during cesarean section not only results from
un-warmed fluid infusion, but also mainly results from
redistribution of heat from the core to the periphery, and
subsequently from heat loss greater than metabolic heat
production7,20. Because neuraxial anesthesia impairs
central thermoregulatory control and decreases the
thresholds triggering vasoconstriction and shivering,
the incidence of decreased core temperature is possibly
exacerbated by spinal anesthesia7. Although shivering
is not always associated with a reduction of body
temperature, the incidence of intraoperative shivering
during cesarean delivery has been reported as around
60%2. In our study, although much shivering was
observed in Group C, the incidence of shivering was as
low as 20% in Group C and 3.3% in Group W. Lower
incidence of shivering seen in the present study was
attributed to the routine use of convective warming
blankets, autonomic blockade of spinal anesthesia and
the pharmacologic effects of intrathecal drugs in both
groups.
Fetal temperature is mainly related to maternal
temperature, and therefore maternal heat loss and
hypothermia is most likely to be associated with
neonatal hypothermia and acidosis21. In the present
study neonatal Apgar scores at 1 and 5 min after
delivery and umbilical artery blood gas samples were
also similar and there were no statistically significant
difference in Apgar scores and umbilical artery blood
gas variables between groups.
There were three limitations of our study.
First, the National Institute for Health and Clinical
Excellence (NICE) has published a guideline
concerning prevention of perioperative hypothermia
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and suggested that all intravenous fluids (more than
500 mL) should be warmed routinely to 37°C for all
surgical procedures1. However, at the time of this
trial, using active warming devices was not routine
during elective cesarean section in our clinic since
intraoperative and postoperative hypothermia is rarely
a significant clinical problem. The second limitation
of this study is the routine use of convective warming
blankets in both groups. If we hadn’t used blankets, we
might have found significance between the two groups
as to incidence of hypotension, fluid, blood transfusion
and ephedrine requirement. The third limitation is our
power analysis. As there were no previous studies
evaluating the significant percentage of differences,
we chose a 35% difference in the incidence of
intraoperative maternal hypotension. If we had
decreased the percentage of differences, possibly, we
could have found significant differences between the
two groups. As such future large series of studies are
needed to demonstrate possible beneficial effect of
fluid warming on the incidence of hypotension and
ephedrine requirement.
In conclusion, in cesarean section patients
undergoing spinal anesthesia, warming IV fluids
(37°C) resulted in lower incidence of decreased
core temperature but did not affect the incidence of
maternal hypotension, ephedrine and transfusion
requirement and total volume consumption. Although
we failed to demonstrate any beneficial effect of
fluid warming on the incidence of hypotension and
ephedrine requirement, we strongly support the idea
that all iv fluids should be warmed routinely in patients
undergoing cesarean delivery.
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Abstract
Background: Intravenous cannulation is a painful procedure in which analgesia is rarely
provided for. The Buzzy® device is a non-invasive, easy to use device, originally used in children,
that combines vibration and cold modalities to block pain sensation. The objective of this study
was to assess its usefulness in reducing cannulation pain in adult patients.
Methods: One hundred and eighty four patients, 18-65 years old, requiring venous access
for elective surgery were randomized into four groups. All patients had the Buzzy® device applied
prior to cannulation. The four groups had the following intervention: Group B: complete Buzzy®
device, Group V: vibration switched ON with ice pack at room temperature, Group C: vibration
switched OFF with cold ice pack; Group P: Buzzy® device without activation and with ice pack
at room temperature. All patients were cannulated with a 20G venous cannula after application of
this device. We compared pain scores during cannulation using the Visual Analogue Scale (VAS)
and patient preferences for the device.
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Results: Buzzy® usage during cannulation
significantly resulted in the lowest pain score 33.92 ±
15.59 (p = 0.016) amongst all groups. When compared
with the Placebo group, patients in both the Buzzy®
and Vibration groups recorded significantly lower
pain scores (p = 0.031 and p = 0.037 respectively). In
terms of preference, 81.0% of patients in the complete
Buzzy® group were satisfied with the device.
Conclusion: The Buzzy® device and its vibration
component significantly reduced venous cannulation
pain in adult patients.

Nor Haliza Zainol Abidin et. al

A-beta fibers (fast non noxious motion nerves), which
subsequently block the A-delta C–fibers (afferent pain
receptive nerves)11. The cold component on the other
hand will stimulate the C fibers and if applied prior
to the pain stimulus will block the A-delta pain signal
as well. An alternative postulated mechanism in which
the cold stimulus provides pain relief is by triggering
the descending noxious inhibitory controls, activating
a supraspinal modulation and raising the body’s overall
pain threshold12.
Fig. 1
The application of Buzzy ® at C7 dermatome prior to

Introduction
Venous cannulation is often a painful procedure
that is distressing to patients. Needle aversion often
leads to avoidance of medical treatment, refusal
for vaccination and a reduction in the number
of potential blood donors1-3. Current practices in
anesthesia to reduce cannulation pain involve a
myriad of techniques ranging from topical local
anesthetics (LA) application to the use of flash lights
via a distraction technique4-7. Among these, topical
anesthesia with LA is the most frequently used
technique but the long onset time often precludes
its usage in the acute setting8. Whilst application of
topical anesthesia is often used for children, most
adult patients undergo venous cannulation without
analgesia. Sado et al9 found that less than 50% of
junior doctors used any LA for cannulation of large
bore IV cannulas and none of them used LA for 20 G
to smaller sized cannulas.
A technique to reduce cannulation pain utilizes
a thermomechanical device called Buzzy® (MMJ
Labs, Atlanta, GA). The Buzzy® is a battery operated,
handheld plastic ‘bee’ with a vibrating motor and a
mechanism to attach an ice pack underneath (Figure1).
It can be pressed in place or secured to a limb via a Velcro
strap or tourniquet. The site of application corresponds
to the dermatomes that supply cutaneous innervation to
the area of planned cannulation. It is postulated to work
based on the Gate Control Theory, which suggests that
pain is transmitted from the peripheral nervous system
to the central nervous system via modulation through a
gating system in the dorsal horn of the spinal cord10. The
vibration component of this device will stimulate the

cannulation at dorsum of hand.
(With permission from buzzyforshots.com)

The Buzzy® has been shown to reduce
venepuncture pain in children. Baxter et al13 showed
that the Buzzy® decreased venepuncture pain
significantly when compared to standard care using a
vapocoolant spray in the pediatric population. In the
adult population, a pilot study conducted by the same
investigator, found a significant reduction of pain on
the visual analogue score (VAS) when cannulation was
done using the Buzzy® compared to no intervention14.
However, being a pilot study with a small sample size
of 30 subjects and a small reduction in pain score of
0.99 cm, these findings were regarded as clinically
insignificant by some investigators15-16.
The aim of this study was to determine the
effectiveness of Buzzy® versus placebo in reducing
cannulation pain among adult patients. Also it
was intended to determine whether the individual
components of the Buzzy® were as effective as its
complete unit.

Assessing the effectiveness of a thermomechanical device (buzzy®) in reducing venous
cannulation pain in adult patients

Methods
The study was a prospective, double blind,
randomized clinical trial submitted for the approval
by the Dissertation Committee of Department of
Anaesthesiology & Intensive Care, Universiti
Kebangsaan Malaysia Medical Center (UKMMC).
Ethical approval was obtained from the Medical
Research & Ethics Committee from UKMMC (project
number: FF-2017-024) and Medical Research & Ethics
Committee under the National Medical Research
Register, Ministry of Health Malaysia [NMRR-152438-27337(IIR)].
The study was conducted by multiple operators
consisting of anesthetic medical officers from the
Department of Anaesthesia and Intensive Care,
Hospital Kuala Lumpur who cannulated the patients.
The investigator was responsible for application of
the device. Different anesthetic medical officers who
were ‘blinded’ to the intervention group recorded the
patients’ pain and satisfaction scores.
Adults presenting for surgery aged 18 to 65 years
old, American Society of Anesthesiologists (ASA) 1 or
2 patients who were able to communicate and required
venous access were enrolled. Patients with anticipated
difficult intravenous access, known sensitivity to cold
(eg: Raynaud’s disease), patients who had any break of
skin over the area where the device would be placed or
who had pre-existing pain (e.g., peripheral neuropathy,
chronic pain, fractures over the placement site) were
excluded.
During preoperative assessment of the patients,
inspection of the dorsum of the hand was done to
identify suitable veins for cannulation. Informed
consent was taken from patients presenting for elective
surgery who were eligible for the study. Patients were
briefed about the device, VAS and kept fasted overnight
prior to surgery. No premedication was given. They
were randomly divided via computer generated
randomization into 4 groups: Group B, Group P, Group
V and Group C. All groups had the Buzzy® applied
around their wrist. Group B (‘Buzzy’) patients had the
device vibrating motor switched ON with an ice pack
applied prior and during venous cannulation on the
dorsum of the hand. Group V (vibration only) patients
had the Buzzy® applied and vibrating motor switched
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ON but the ice pack was kept at room temperature.
Group C (cold only) patients had the ice pack attached
underneath but the device was not switched ON.
Group P (placebo) patients had a ‘dummy device’ in
which the Buzzy® was not switched on and the ice
pack was kept at room temperature prior to application
and during cannulation.
The envelope containing the randomized
intervention group was opened in the operating theater
for the respective patients. Once a suitable vein had
been identified on the dorsum of the patient’s hand, the
area overlying the vein to be cannulated was cleaned
with an alcohol swab as standard practice and allowed
to dry. A tourniquet was applied on the wrist and the
device was placed proximal and as close as possible
to the tourniquet, corresponding to the C7 dermatome.
Depending on the intervention group, the device
with the ice pack (cold or at room temperature) was
either switched ON or switched OFF for one minute
prior to cannulation, and continued until successful
cannulation was completed. Cannulation using a 20G
venous cannula was subsequently attempted. Only
patients successfully cannulated on the first attempt
were included for assessment of VAS score. Successful
cannulation was defined as having ‘flashback’ and
backflow of blood to the hub upon venipuncture with
the ability to fully insert the cannula.
Patients in whom cannulation failed on the first
attempt, were dropped out of the study. Reasons for
failed cannulation were documented. Subsequent
cannulation attempts were done at alternative sites
and the patients were offered subcutaneous infiltration
of lignocaine 2% at the new site of cannulation for
reduction of pain.
The VAS score was assessed by another medical
officer who was not involved in the cannulation
process and was ‘blinded’ to the intervention group.
This assessor was called to assess patients’ VAS score
after the cannula was secured. Patients were asked
to indicate their pain score on the paper scale shown
to them. The VAS is a 100 mm horizontal scale with
two opposite ends describing pain intensities ranging
from 0 which depicts no pain to 100 which represents
the worst pain imaginable17. Patients’ preference was
also assessed by questioning their likelihood to use the
device in the future. Side effects such as skin reaction,
M.E.J. ANESTH 25 (1), 2018
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Table 1
Demographic data presented as mean ± standard deviation or numbers(n)
Group B
(n=42)

Group V
(n=43)

Group C
(n=42)

Group P
(n=42)

P-value

32.5 ± 13.1

32.7 ± 12.1

33.7 ± 12.1

33.6 ± 11.6

0.959

18/24

22/21

18/24

19/23

0.851

Weight (kg)

61.5 ± 10.1

63.1 ± 9.9

60.4 ± 7.6

62.9 ± 10.0

0.550

Height (m)

1.59 ± 0.07

1.62 ± 0.06

1.59 ± 0.07

1.61 ± 0.06

0.321

BMI (ht/m2)

23.6 ± 4.04

23.7 ± 3.18

22.9 ± 3.04

23.9 ± 3.08

0.519

34/8

32/11

29/13

31/11

0.662

Age (years)
Gender (Male/Female)

ASA (I/II)

pain or discomfort over the device application site
were recorded as well.

Table 2
Mean VAS score ± standard deviation (SD) among groups and
post hoc group comparisons using Tukey’s test.* showed the
mean difference was significant at 0.05 level

Statistical Tests

VAS

Sample size calculation was based on a previous
study comparing mean VAS score between the
Buzzy® and no intervention at all by Baxter et al10, in
which the mean difference of VAS score was normally
distributed with a standard deviation of 16. The α
value was set at 0.05 and power of study at 80%. If the
true mean VAS score between the placebo and device
group is 9.9 mm, 42 subjects were needed for each
arm. Assuming a 20% drop out rate, 51 patients per
arm were required.

Group B
(n=42)
Group V
(n=42)
Group C
(n=42)
Group
P
(n= 42)
Note:

p-valuea

33.92 ±
15.59
34.18 ±
15.73
39.16 ±
15.99
43.21 ±
13.91

0.016

Group

p-valueb

B vs V

1.000

B vs C

0.401

B vs P

0.031

V vs C

0.442

V vs P

0.037

C vs P

0.622

p value using ANOVA test
p value of post hoc Tukey’s test
* significant mean difference at 0.05 level

a

b

Table 3
Buzzy® preferability presented in number (n) and percentage (%)
and group preference comparison using Pearson’s Chi Square test
Preferability

Group comparison

Pearson’s chi square test p value

19.0

B vs P

<0.0001

69.7

30.2

V vs P

0.001

Group C (n=42)

54.8

45.2

C vs P

0.048

Group P (n=42)

33.3

66.7

B vs V

0.232

B vs C

0.010

Yes (%)

No (%)

Group B (n=42)

81.0

Group V (n=42)

* statistically significant (p <0.05)
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All analyses were performed using the IBM SPSS
Statistics version 23. ANOVA was used to compare the
pain scores across the four different groups. Where
significant differences were detected, post hoc tests
were done. The Chi square test was used to analyze the
likeability score across the different groups. Statistical
significance was set at p<0.05.

Results
A total of 184 patients were recruited for this
study but only 169 patients were included in the final
analysis. Fifteen patients were dropped out from the
study due to failed cannulation on the first attempt.
Nine of these failed cannulation attempts were due
to failures to get “flashback’ and backflow of blood
to the hub after initial puncture and six were due to
failures to advance the cannula. These patients were all
successfully cannulated on subsequent attempts. The
demographic data was comparable in all four groups
(Table 1).
The mean VAS score was lowest in the Buzzy
group followed by the Vibration group, Cold group
and Placebo group in ascending order. The difference
among these groups was statistically significant (Table
2). Further post hoc analysis revealed significant
changes in mean VAS scores in the Buzzy® and
Vibration groups when compared to Placebo. No other
statistically significant differences were seen between
other groups.
The Buzzy® group had the highest favorability
percentage followed by Vibration, Cold and Placebo
in descending order (Table 3). In terms of patients
preference, all intervention groups showed significantly
higher patients preference when compared to Placebo.
Patients preference for Buzzy® and Vibration were
comparable and the difference was not significant.
There were no adverse events recorded as a result
of application of this device to all patients. However,
two anesthetic trainees who were cannulating the
patients complained of the device interfering with
their cannulation site of choice. Even so, both of these
trainees were still successful in cannulating their
patients on the first attempt.
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Discussion
The Buzzy® device, being both a non-invasive
and fast acting in reducing pain during intravenous
cannulation has been studied extensively in the
pediatric population. In a recent study, Potts et al18
showed the device to be equally effective when
compared to standard care of lignocaine 4% cream
in reducing pain and distress during intravenous
cannulation in children. In adults, our study findings
were comparable to the pilot study by Baxter et al19. The
current study however, was different in several aspects
from previous studies done before. We have compared
the device with placebo instead of topical LA and we
further compared the effectiveness of its individual
components, namely the vibration component and the
cold component.
Our findings confirmed that Buzzy® as a whole
device effectively reduced pain compared to placebo.
Interestingly, when the device was separated to its
individual components and compared with placebo, it
was the vibration modality that significantly reduced
cannulation pain and not the cold ice pack component.
In fact, in terms of patients preference, Vibration
on its own was almost as preferred as the complete
Buzzy® device. This finding is in accordance with a
study by Hollins et al20 which found that cutaneous
vibratory stimulation was able to cause a decline in
nociceptive sensitivity. Joseph et al21 who used the
Buzzy® vibration device also found significantly
reduced sensory perception in the foot when the device
was applied. The postulated mechanism was that the
external vibratory sensation provided by Buzzy®
produced transient diminished sensation.
We cannot disregard the role of cold sensation
which is postulated to help reduce pain sensation
not only via the Gate Control Theory, but through
Descending Noxious Inhibitory Control (DNIC). The
latter works by increasing the general pain threshold
of the body when intense cold stimulus is applied22.
In this study we found a reduction in mean VAS score
in the Cold group, but the change was not statistically
significant. It is possible that the ice pack was not cold
enough to trigger the “intense cold stimulus” required
to activate the DNIC mechanism. Unlike the study by
Mawhoter et al23 who used vapocoolant spray which
M.E.J. ANESTH 25 (1), 2018
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can achieve a skin temperature of 0⁰C within seconds
upon application, the ice pack that we used in this study
had to be taken out of the freezer for usage. The lapse
time, being taken from the freezer to skin application
may have lessened its effectiveness as a cold pack.

the patients’ pain perception and cannulation success
hence affecting the outcome of the study. Perhaps in
future studies, a single experienced operator should be
assigned to cannulate all patients to reduce bias.

We also felt that the Buzzy® as a device on its
own provided an element of distraction when applied to
patients. Most of our patients were quite amused with
its colorful and animated design. That could explain
the fact that a third of patients in the placebo group
felt that the device helped to reduce their pain when
in actual fact, it was not switched on. This finding
was somewhat similar to the study by Karthryn et al24
who found significant reduction in pain in children
undergoing intravenous injection when cartoon
distraction was used.

Conclusion

Limitations to this study include operator bias
by having different anesthetic trainees cannulating
our subjects. Different levels of competency and years
of experience in inserting a cannula might influence

Our study demonstrated that both the Buzzy®
device and its vibrating component when used without
the ice pack component were effective in reducing
venous cannulation pain when compared with ice pack
application alone or placebo in adult patients.
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Comparison of pressure-controlled
and volume-controlled ventilation
in obese patients undergoing laparoscopic
bariatric surgery: a prospective
cross-over cohort study
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Abstract
Background: No specific guidelines on the optimal ventilatory settings for obese patients
undergoing laparoscopic bariatric procedures has been recommended till now. The aim of this study
was to evaluate volume-controlled ventilation (VCV) and pressure-controlled ventilation (PCV)
during laparoscopic bariatric surgery using a cross-over cohort model in 4 different situations
(supine and beach chair position, with and without intra-abdominal CO₂ insufflation).
Methods: 33 obese patients aged ≥15 years, with a body mass index (BMI) ≥40 kg/m2 or
BMI ≥35 kg/m2 with at least one obesity-associated comorbid condition undergoing laparoscopic
bariatric surgery were included. Patients were then randomly assigned to receive VCV and PCV
in each of the following situations: the supine position without intra-abdominal CO₂ insufflation,
the beach chair position without intra-abdominal CO₂ insufflation, the supine position after intraabdominal CO₂ insufflation and in the beach chair position after the intra-abdominal CO₂ abdominal
insufflation. Peak inspiratory pressure (PIP), plateau pressure, mean airway pressure (Pmean),
total static compliance, expiratory tidal volume, end tidal CO₂ (TVexp), oxygen saturation, mean
arterial pressure and heart rate were recorded.
Results: PIP was significantly lower during PCV when compared to VCV at all situations
(p=0.000). Pmean was significantly higher during PCV than VCV in the beach chair position
before intra-abdominal CO₂ insufflation. Hemodynamic variables and dynamic compliance were
similar between the two modes.
Conclusion: In adult population undergoing laparoscopic bariatric surgery, PCV was found
to be superior to VCV in providing the lowest PIP for the same inspiratory tidal volume delivered
at all time-points and the highest TVexp at the supine and beach chair positions before intraabdominal CO₂ insufflation.
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Introduction
The anatomical effects of obesity on lung
function has been the subject of intense investigation
over the last 50 years. The most consistently reported
effects are a reduction in functional residual capacity1,
a reduction in lung compliance2 and abnormalities in
ventilation distribution3. Furthermore, the respiratory
physiologic derangements are aggravated under
general anesthesia and with intra-abdominal CO₂
insufflation during laparoscopic bariatric surgery4; the
most common deleterious effects encountered during
ventilation under general anesthesia are high-pressure
levels leading to barotrauma and impaired alveolar
ventilation leading to atelectasis5.
The use of volume-controlled ventilation (VCV)
is common, as this has been the only available mode
on ventilators for a long time. This mode utilizes
a constant flow to deliver a target tidal volume (Vt)
and thus insures a satisfactory minute ventilation
(MV) despite frequently seen high-pressure levels in
obese patients6. Pressure-controlled ventilation (PCV)
utilizes a decelerating flow pattern and thus facilitates
recruitment of unstable alveoli, reduces ventilatory
inhomogeneities and improves arterial oxygenation
despite putting the patient at risk of hypoventilation
and pulmonary over-distention6. However, in obese
patients undergoing bariatric laparoscopic surgery,
studies failed to prove any significant difference in
airway pressures and compliance between PCV and
VCV modes7 and no guidelines regarding the preferred
mode of ventilation are recommended till now8. In
practice, appropriate strategy of ventilation is based on
the anesthesiologist’s preference.
Our aim in this paper was to compare VCV and
PCV modes in obese patients undergoing laparoscopic
bariatric surgery under general anesthesia before and
after intra-abdominal CO₂ insufflation at different
intraoperative positions using a prospective cross-over
cohort model of study.

Methods
This prospective study was approved by the
Institutional Review Board and a written informed
consent was obtained from all patients.

May Rady Helou et. al

33 obese patients undergoing laparoscopic
bariatric surgery (sleeve or bypass) were included.
Inclusion criteria were age ≥15 years, a body mass
index (BMI) ≥40 kg/m2 or BMI ≥35 kg/m2 with at
least one obesity-associated comorbid condition.
Preoperative exclusion criteria were patient refusal
and patients with ASA score >III.
Age, sex, total body weight (TBW), height (H),
ideal body weight (IBW), BMI and the presence of
comorbidities (pulmonary or cardiac) were registered
preoperatively. BMI was defined as TBW/H² (kg/m²)
and IBW was calculated using Lorentz’s formula:
IBW=H (cm)-100-[H (cm)-150]/2 in females and
IBW=H (cm)-100-[H (cm)-150]/4 in males.
In the induction room, anesthesia monitoring
was standardized in all patients: ECG, non-invasive
arterial blood pressure, pulse oximetry, anesthetic
gas analyzer, capnography, bispectral index (BIS)
and a train-of-four monitor (TOF). After 5 min of
pre-oxygenation with 100% oxygen and continuous
positive airway pressure (CPAP) of 6 cmH₂O using
the table RAMP system (Rapid Airway Management
Positioner), induction of anesthesia was performed
with midazolam (1mg), propofol (2.5 mg/kg) and
sufentanyl (0.2μg/kg). Tracheal intubation at an
appropriate TOF of 0 twitch was facilitated with
rocuronium 1.2 mg/kg. Endotracheal tube size 8 was
used in males and 7.5 in females. Anesthesia was
maintained to a BIS level 40-60 with sevoflurane 1.52% and remifentanil 0.05-0.3 μg/kg/min. Rocuronium
0.15 mg/kg was given intermittently to maintain TOF
at 0 twitch at the adductor pollicis muscle. The dosages
of all medications used were calculated based on the
IBW.
All patients underwent mechanical ventilation
intraoperatively with Aisys ventilator (GE healthcare,
Madison, USA) with 2 liters of oxygen-air mixture
(FiO2=0.4) using semi-closed circuit. Patients were
then randomly assigned to start ventilation with VCV
for 20 min followed by PCV for another 20-min
period or to the opposite sequence of these modes of
ventilation. Randomization was performed using the
online randomizer (Graphpad software, San Diego,
CA, USA). Both modes were applied to all patients
in each of the following situations: the supine position
without intra-abdominal CO₂ insufflation (T1), the
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beach chair position without intra-abdominal CO₂
insufflation (T2), the supine position after intraabdominal CO₂ insufflation (T3) and in the beach chair
position after the intra-abdominal CO₂ insufflation
(T4). The set CO₂ insufflation pressure was 15 mmHg
for an optimal intra-abdominal exposure and a suitable
operating field.
Set parameters for VCV mode were: an
inspiratory tidal volume of 8 mL/kg of IBW,
respiratory rate of 12 breath/min, inspiratory time
over the expiratory time ratio (I/E ratio) of 1:2 and a
positive end expiratory pressure (PEEP) of 8 cm H₂O.
An inspiratory pause equal to 5% of the inspiratory
time was used to measure plateau pressure (Pplateau).
Set parameters for PCV mode were: peak inspiratory
pressure (PIP) adjusted to deliver inspiratory tidal
volume of 8 mL/kg of IBW, respiratory rate of 12
breath/min, inspiratory time over the expiratory
time ratio (I/E ratio) of 1:2 and a positive end
expiratory pressure (PEEP) of 8 cm H₂O. A drop to
zero inspiratory flow was checked on the flow-time
to record Pplateau. In both modes, absence of autoPEEP was ensured by a drop to zero expiratory flow
on the flow-time curve.
At the end of each mode of ventilation (VCV
and PCV) at T1, T2, T3 and T4 the following
parameters were recorded: PIP, Pplateau, Mean
airway Pressure (Pmean), total static compliance
(C), expiratory tidal volume (TVexp), end tidal CO₂
(EtCO₂), oxygen saturation (SaO₂), mean arterial
pressure (MAP) and heart rate (HR). All pressures
are expressed in cm H₂O.
All patients underwent uneventful surgery by
the same surgical team and no perioperative adverse
events were noted. Sugammadex at recommended
doses was used to reverse muscle relaxant effect.
Data were computerized and analyzed using
the SPSS 15.0 software (Statistical Packages for
Social Science; SPSS Inc., Chicago, Illinois, USA).
Normality of the distribution of data was assessed
using the Kolmogorov–Smirnov test. We expressed
continuous variables as mean ± standard deviation
(SD). Means were compared using ANOVA test,
P <0.05 was considered statistically significant.
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Results
33 patients were enrolled in the Study. The mean
± SD of age, TBW, H, IBW and BMI are shown in
Table 1, as well as male to female ratio (M/F) and ASA
physical status.
Table 1
Demographic and Anesthetic Characteristics
N

33

Age (years)

39.2 ± 13.2

TBW (Kg)

117.3 ± 19.6

H (cm)

166.9 ± 8.7

IBW (Kg)

60.9 ± 7.5

BMI (Kg/m²)

41.9 ± 4.4

F/M

22/11

ASA Status II/III

13/20

Data are mean ± SDs or numbers.
SD=Standard deviations
n=number, TBW=Total Body weight, H=height, IBW=ideal
body weight, BMI=Body Mass Index, F=Female, M=Male.

Measured respiratory mechanics (PIP, Pmean,
Pplateau and C) are shown in Table 2. PIP was
significantly higher during VCV mode when compared
to PCV mode at T1 (24.9 ± 3.6 vs 22.0 ± 3.5, p=0.000),
at T2 (24.2 ± 2.8 vs 21.8 ± 2.7, p=0.000), at T3
(29.6 ± 5.5 vs 26.3 ± 4.8, p=0.000) and at T4 (28.7
± 4.1 vs 25.3 ± 3.9, p=0.000) (figure 1). Pmean was
significantly higher during PCV mode at T1 (12.8 ±1.1
vs 13.4 ±1.3, p=0.014) and T2 (12.6 ± 1.5 vs 13.3 ±
Fig. 1
Mean PIP values during VCV and PCV at T1, T2, T3 and T4

VCV=Volume Controlled Ventilation, PCV=Volume Controlled
Ventilation, PIP=Peak inspiratory Pessure in cmH₂O. T1:
Supine position, T2: Beach chair position, T3: Supine position
after intra-abdominal CO₂ insufflation, T4: Beach chair position
after the intra-abdominal CO₂ insufflation.
M.E.J. ANESTH 25 (1), 2018
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Table 2
Respiratory Mechanics Characteristics
PIP
Mean
T1
T2
T3

STD

p

VCV

24.9

3.6

PCV

22.0

3.5

VCV

24.2

2.8

PCV

21.8

2.7

VCV

29.6

5.5

PCV

26.3

4.8

28.7

4.1

25.3

3.9

T4
VCV
PCV

P Mean
Mean
.000
.000
.000

.000

STD

p

12.8

1.1

13.4

1.3

12.6

1.5

13.3

1.0

14.0

1.4

14.4

1.5

14.1

2.2

14.3

1.2

P Plateau
Mean
.014
.025
.083

.529

STD

p

21.7

3.9

22.0

3.5

21.0

2.9

21.8

2.7

26.4

5.0

26.3

4.8

24.6

4.1

25.3

3.9

C
Mean
.503
.183
.901

.263

STD

p

35.8

11.0

34.3

8.4

37.2

8.8

36.3

6.4

24.9

6.4

23.6

6.5

27.8

6.0

27.2

6.0

.104
.107
.079

.315

SD=Standard deviations. P=p value, p <0.05 is considered significant
VCV=Volume Controlled Ventilation, PCV=Volume Controlled Ventilation, PIP=Peak inspiratory Pressure, Pmean=Mean airway
Pressure, C=total static compliance, SD=Standard deviations, p=p value. T1: Supine position, T2: Beach chair position, T3: Supine
position after intra-abdominal CO₂ insufflation, T4: Beach chair position after the intra-abdominal CO₂ insufflation.

1.0, p=0.025). At T3 and T4 the difference in Pmean
between VCV and PCV was not significantly different
(p=0.083 and p=0.529 respectively). At T1, T2, T3 and
T4, Pplateau did not show any significant difference
between the two modes of ventilation (p=0.503,
p=0.183, p=0.901 and p=0.263 respectively). C did
Table 3
Ventilation Characteristics
TVexp
Mean
T1
T2
T3
T4

SD

p

VCV

454.0

78.2

PCV

482.7

86.1

VCV

455.9

78.7

PCV

491.4

91.4

VCV

454.2

87.4

PCV

446.5

99.3

VCV

453.5

79.1

PCV

461.8

85.3

EtCO₂
Mean
.000
.000
.605
.409

SD

p

37.1

3.9

36.9

4.4

37.0

4.5

36.4

5.0

37.7

5.2

39.4

5.3

40.7

4.5

40.8

4.8

.586
.106
.203
.553

SD=Standard deviations. P=p value, p<0.05 is considered
significant
VCV=Volume Controlled Ventilation, PCV=Volume Controlled
Ventilation, TVexp=Expiratory Tidal Volume, EtCO₂=End tidal
CO₂, SD=Standard deviations, p=p value. T1: Supine position,
T2: Beach chair position, T3: Supine position after intraabdominal CO₂ insufflation, T4: Beach chair position after the
intra-abdominal CO₂ insufflation.

not differ significantly between PCV and VCV modes
at T1, T2, T3 and T4 (p=0.104, p=0.107, p=0.079 and
p=0.315 respectively).
Measured ventilation characteristics (TVexp and
EtCO₂) are shown in table 3. TVexp was significantly
lower during VCV when compared to PCV at T1
(454.0 ± 78.2 vs 482.7 ± 86.1, p=0.000) and at T2
(455.9 ± 78.7 vs 491.4 ± 91.4, p=0.000). At T3 and T4
the difference in TVexp between VC ventilation and
PC ventilation was not significantly different (p=0.605
and p=0.409 respectively). EtCO₂ did not differ
significantly between PCV and VCV modes at T1, T2,
T3 and T4 (p=0.586, p=0.106, p=0.203 and p=0.553
respectively). Measured hemodynamic characteristics
(SaO₂, MAP and HR) are shown in table 4. SaO₂,
MAP and HR were not significantly different between
VC and PC modes at T1, T2, T3 and T4 (p >0.05).

Discussion
This is the first prospective study that evaluates
PCV and VCV modes during laparoscopic bariatric
surgery in the adult population using a cross-over
cohort model in 4 different situations (supine, beach
chair position, with and without intra-abdominal CO₂
insufflation).
In the last published meta-analysis in 20127

Comparison of pressure-controlled and volume-controlled ventilation in obese patients
undergoing laparoscopic bariatric surgery: a prospective cross-over cohort study

73

Table 4
Hemodynamic Characteristics
SaO2
Mean
T1
T2
T3
T4

SD

p

VCV

97.8

1.8

PCV

97.5

1.9

VCV

95.3

10.1

PCV

95.5

10.1

VCV

93.5

15.0

PCV

96.8

2.1

VCV

97.0

1.8

PCV

97.3

1.6

MAP
Mean
.108

.226

.219

.160

SD

p

88.9

16.8

77.5

12.9

72.4

11.9

73.9

13.1

90.5

15.6

94.6

15.9

95.2

15.4

94.5

16.6

HR
Mean
.203

.422

.159

.542

SD

p

79.5

15.7

76.7

15.1

73.2

12.9

73.4

14.4

70.4

12.5

72.1

13.2

71.6

11.7

71.9

12.1

.505

.805

.056

.582

SD=Standard deviations. P=p value, p <0.05 is considered significant
VCV=Volume Controlled Ventilation, PCV=Volume Controlled Ventilation, SaO₂=Oxygen Saturation, MAP=Mean Arterial Pressure,
HR=Heart Rate, SD=Standard deviations, p=p value. T1: Supine position, T2: Beach chair position, T3: Supine position after intraabdominal CO₂ insufflation, T4: Beach chair position after the intra-abdominal CO₂ insufflation.

that included 13 randomized trials evaluating the
ventilation strategy in obese patients undergoing
laparoscopic surgery there was no evidence of any
difference between PCV and VCV modes in terms of
intraoperative PaO₂/FIO₂ ratio, intraoperative tidal
volume, or Pmean. There was no evidence either of
any difference in MAP or mean HR. In all mentioned
trials in this meta-analysis, PCV was compared to
VCV mode at the beach chair position with intraabdominal CO₂ insufflation. Also to note that there
was not enough data on other outcomes like PIP,
Pplateau and compliance to draw more meaningful
conclusions. Finding an ideal ventilation strategy that
minimizes the degree of raised PIP while maintaining
satisfactory Pmean is of major importance since obesity
poses particular challenges to adequate mechanical
ventilation primarily by restricted lung mechanics,
decreased lung volumes and greater susceptibility to
barotrauma and ventilator-induced lung injury9. Two
more recent studies further evaluated the respiratory
mechanics and have noted that PCV was able to
significantly reduce PIP in obese adults undergoing
intra-abdominal laparoscopic procedures10,11. In our
study we found similar results, we demonstrated that
PIP was significantly lower during PCV mode when
compared to VCV mode at all time points (T1, T2, T3
and T4). This resulted from the different insufflation

flow patterns specific for each of these modes of
ventilation: VCV delivers a constant flow pattern
that may allow high PIP during the inspiratory cycle
to deliver a preset tidal volume while PCV delivers a
decelerating flow pattern at a preset pressure.
Pmean, which closely reflects mean alveolar
pressure, is a major determinant of oxygenation12. In
our study, Pmean was significantly higher during PCV
mode when compared to VCV mode at T1 and T2. This
result has not been reported before and it demonstrates
clearly the advantageous use of PCV mode over
VCV mode in those situations ie supine position and
beach chair position without intra-abdominal CO₂
insufflation. However, at T3 and T4, Pmean was not
significantly different between the two modes of
ventilation. Previous studies13,14,15 comparing Pmean
between VCV and PCV after intra-abdominal CO₂
insufflation in the beach chair position reported similar
results. This deleterious effect of pneumoperitoneum
on lung mechanics can be diminished by increasing I/E
ratio to 2:1 or 3:1 as demonstrated by Lessard et al16.
Pplateau does not seem to significantly differ
between PCV and VCV at T1 (in the supine position
before intra-abdominal CO₂ insufflation), at T2
(in the supine position after intra-abdominal CO₂
insufflation), at T3 (in the supine position after intraM.E.J. ANESTH 25 (1), 2018
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abdominal CO₂ insufflation) and at T4 (in the beach
chair position after intra-abdominal CO₂ insufflation).
Data in the literature compared Pplateau between PCV
and VCV modes in the beach chair position after intraabdominal CO2 insufflation (set as T2 in our study)
and they found similar results13,14,15.
TVexp was found to be significantly higher in PCV
mode than in VCV mode before pneumoperitoneum
at T1 and T2. The pneumoperitoneum increases intraabdominal pressure and displaces the diaphragm
cephalad which decreases the volume of the chest
cavity17. Consequently at T3 and T4 after intraabdominal CO₂ insufflation, TVexp decreased and
there was no significant difference in TVexp between
PCV and VCV.

May Rady Helou et. al

Compliance was not significantly different
between the two modes of ventilation as demonstrated
by all previous studies13,14. Hemodynamics variables
were not significantly different between the 2 modes
of ventilation as well. In fact, flow pattern does not
affect HR, MAP or SaO2 in obese patients undergoing
laparoscopic procedures.
As a conclusion, use of PCV mode in obese
patients undergoing laparoscopic bariatric surgery is
advantageous over VCV mode. It provides ventilation
with a lower PIP as compared to VCV mode at the
supine position, the beach chair position with and
without intra-abdominal CO₂ insufflation. It also
provides a higher TVexp at the supine and beach chair
positions before intra-abdominal CO₂ insufflation.

Comparison of pressure-controlled and volume-controlled ventilation in obese patients
undergoing laparoscopic bariatric surgery: a prospective cross-over cohort study

75

References
1. Jones R, Nzekwu M: The effects of body mass index on lung
volumes. Chest; 2006, 130:827-33.
2. Pelosi P, Croci M, Ravagnan I, Tredici S, Pedoto A, Lissoni A,
Gattinoni L: The effects of body mass on lung volumes, respiratory
mechanics, and gas exchange during general anesthesia: Anesth
Analg; 1998, 87:654-60.
3. Demedts M: Regional distribution of lung volumes and of gas
inspired at residual volume: influence of age, body weight and
posture. Bull Eur Physiopath Respir; 1980, 16:271-85.
4. Sprung J, Whalley D, Falcone T, Warner D, Hubmayr R, Hammel
J: The impact of morbid obesity, pneumoperitoneum, and posture on
respiratory system mechanics and oxygenation during laparoscopy.
Anesth Analg; 2002, 94:1345-50.
5. Anzueto A, Frutos-Vivar F, Esteban A, Bensalami N, Marks D,
Raymondos K, Apezteguıá C, Arabi Y, Hurtado J, González M,
Tomicic V, Abroug F, Elizalde J, Cakar N, Pelosi P, Ferguson
ND: Influence of body mass index on outcome of the mechanically
ventilated patients. Thorax; 2011, 66(1):66-73.
6. Campbell R, Davis B: Pressure-controlled versus volume controlled
ventilation: does it matter? Respir Care; 2002, 47(4):416-24.
7. Aldenkortt M, Lysakowski C, Elia N, Brochard L, Tramer M:
Ventilation strategies in obese patients undergoing surgery: a
quantitative systematic review and meta-analysis. Br J Anaesth;
2012, 109(4):493-502.
8. Xin Yan Hu, M: Effective Ventilation Strategies for Obese Patients
Undergoing Bariatric Surgery: A Literature Review. AANA J; 2016,
84(1):35-45.
9. Maia L, Silva P, Pelosi P, Rocco P: Controlled invasive mechanical
ventilation strategies in obese patients undergoing surgery Article
in Expert Review of Respiratory Medicine. Expert Rev Respir Med;
2017, 11(6):443-52.
10. Gupta S, Kundu S, Ghose T, Maji S, Mitra K, Mukherjee M, Mandal
S, Sarbapalli D, Bhattacharya S, Bhattacharya S: A comparison
between volume‑controlled ventilation and pressure‑controlled

ventilation in providing better oxygenation in obese patients
undergoing laparoscopic cholecystectomy. Indian J Anaesth; 2012,
56(3):276-82.
11.	Dion J, McKee C, Tobias J, Sohner P, Herz D, Teich S, Rice J,
Barry N, Michalsky M: Ventilation during laparoscopic-assisted
bariatric surgery: volume-controlled, pressure-controlled or volumeguaranteed pressure-regulated modes. Int J Clin Exp. Med; 2014,
7(8):2242-47.
12. Marini J, Ravenscraft S: Mean airway pressure: physiologic
determinants and clinical importance-part 2: clinical implications.
Crit Care Med; 1992, 20:1604-16.
13. De Baerdemaeker L, Van der Herten C, Gillardin J, Pattyn P,
Mortier E, Szegedi L: Comparison of volume-controlled and
pressure-controlled ventilation during laparoscopic gastric banding
in morbidly obese patients. Obes Surg; 2008, 18:680-85.
14. Cadi P, Guenoun T, Journois D, Chevallier J, Diehl J, Safran
D: Pressure-controlled ventilation improves oxygenation during
laparoscopic obesity surgery compared with volume-controlled
ventilation. Br J Anaesth; 2008, 100(5):709-16.
15. Hans G, Prégaldien A, Kaba A, Sottiaux T, DeRoover A, Lamy
ML, Joris J: Pressure-controlled ventilation does not improve gas
exchange in morbidly obese patients undergoing abdominal surgery.
Obes Surg; 2008, 18(1):71-6.
16. Lessard M, Guerot E, Lorino H, Lemaire F, Brochard L: Effects
of pressure-controlled with different I:E ratios versus volumecontrolled ventilation on respiratory mechanics, gas exchange, and
hemodynamics in patients with adult respiratory distress syndrome.
Anesthesiology; 1994, 80 (5):983-91.
17. Valenza F, Vagginelli F, Tiby A, Francesconi S, Ronzoni G,
Guglielmi M, Zappa M, Lattuada E, Gattinoni L: Effects of the
Beach Chair Position, Positive End-expiratory Pressure, and
Pneumoperitoneum on Respiratory Function in Morbidly Obese
Patients during Anesthesia and Paralysis. Anesthesiology; 2007,
107:725-32.

M.E.J. ANESTH 25 (1), 2018

Experience with the objective structured
clinical examination in Saudi Board
Exam of Anesthesia. Resident’s
and Examiner’s Perspectives
Abeer A. Arab1 and Abdulaziz M. Boker21*
Abstract
Background: Utility of objective, structured, clinical examination (OSCE) in assessment of
different domains of anesthesia skills was previously reported.
Objectives: This study aimed to assess exam takers and examiner’s perception in Saudi board
of anesthesia exam about the relevance of OSCE to the practice of Anesthesiology.
Methods: This study targeted the anesthesia residents who took the end of training OSCE
and oral final exam of the Saudi board of anesthesia in October 2016 as well as the examiners using
two forms of validated questionnaires for the candidates and the examiners. The data was analyzed
using Number Crunching Statistical System (NCSS), 2017 Software. Significance is considered at
p less than 0.05.
Results: The questionnaire was distributed to all the exam candidates and examiners (44
and 20 respectively) with a response rate 100%. About 84% of the candidates were exposed to
OSCE for the first time. The majority of the candidates and examiners (81% and 90% respectively)
considered OSCE of moderate difficulty. OSCE stimulated the candidates to go and learn more
about some topics as perceived by candidates as the most interesting issue about OSCE while the
examiners perceived it as enjoyable experience.
Conclusion: OSCE represented an enjoyable, useful experience for both candidates and
examiners of the Saudi board of anesthesia exam. Further studies are recommended to improve
utility of OSCE and for more application in other Saudi board exams.
Keywords: OSCE-anesthesia-perception-blueprint-exam-skills-survey

Introduction
The view, which basically says that assessment drives learning and that assessment “overrules”
teaching, has been advocated by many researchers in the field of learning and assessment over a
longer period of time1,2. Miller’s pyramid is often cited as a useful way to understand the concept
of the progression of knowledge, skills and attitudes in medical education. The learner progresses
from “knows” at the base to “does” at the top of the pyramid. The two steps between are “knows
how”, progressing to “shows”3.
1
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This model can be useful when thinking about
types of assessments. The structured oral exam in
the National Saudi Board Exam in Anesthesia was a
“knows” assessment while OSCE is at the performance
or “shows” level. Actual observation of clinical
performance of a resident with a patient is at the action
or “does” level. Performance may be different at each
of these levels since different knowledge and/or skills
are called into play at each of these levels. This helps to
explain why the OSCE was introduced in the National
Saudi Board Exam in Anesthesia in 20154.
One of the uses of the Objective Structured
Clinical Examination (OSCE) is to evaluate the
clinical skills and to take the decision of licensing the
future physicians5,6. Validity, equivalence, reliability,
feasibility, educational effect, catalytic effect, and
acceptability represent the criteria for good assessment
described by Norcini et al7 OSCE was described as the
assessment tool that fit with all these criteria. Adding to
that, OSCE allow providing the students with feedback
on their performance as well as assessing the teaching
effectiveness and adequacy of content8. When it came
specifically to anesthesiology, OSCE was reported to
be used in assessing clinical and history-taking skills,
airway management, resuscitation, blood product
transfusion, anatomy, as well as statistics9-11.
Saudi Board of Anesthesia went through major
curriculum review to meet current and future demands
for anesthesiologist specialists’ training in Saudi
Arabia. The current anesthesiology program integrates
various learning methodologies to achieve the
desired outcome among all program graduates. These
outcomes are in line with national (SaudiMEDS) and
international (CANMEDS) framework. Additional
to the central component of being medical experts,
graduates have to achieve other key roles to practice
in today’s complex healthcare system. These include,
but not limited to, being effective communicators,
collaborators, scholars, professionals, health advocates,
managers and leaders. As such, to ensure that these
outcomes are met, relevant assessment methodologies
have to be developed and used in a systematic manner.
The National Exam Board had modified its final exam
that was in the form of eight structural oral stations
into new format that included 16 inactive 8 active
OSCE stations. Therefore, this study aimed to assess
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the perception of exam takers and examiners about the
relevance of OSCE to the practice of anesthesiology.

Methods
The approval to conduct the study was obtained
from the biomedical research ethics committee at the
Faculty of Medicine, King Abdulaziz University with
the reference number (473-17).
Two forms of questionnaires, one for the
candidates and the other for the examiners, were
critically reviewed by the national exam organizer
committee of the Saudi board of Anesthesiology.
These questionnaires were validated in a previous
study12. Upon responding to the questionnaire, the
examiners evaluated only to the stations in which they
were involved.
The target group of this study was the anesthesia
residents who took the end of training OSCE and oral
final exam of the Saudi board of anesthesia in October
2016. They were 44 (12 female and 32 male) examinee.
In addition, the study included also 20 male examiners.
The exam was prepared, conducted, according
to the guidelines and rules set by the national exam
organizer committee, and was previously described4.
The original blueprint was designed by the national
exam committee to ensure exam validity by experts in
the field of practice of Anesthesiology. According to
this blueprint the OSCE included 24 stations (8 active
and 16 inactive). All the anesthesia content areas as
well as the desired anesthesia skills and competencies
were sampled in this exam as seen in Table (1).
In order to ensure familiarity of the examiners
with the OSCE setting and filling the scoring
sheets in a timely fashion, rapidly, accurately and
in a standardized manner. A meeting was arranged
the night before the exam for all the participating
examiners. They were briefed about the process using
a predetermined meeting agenda to ensure ample
discussions, comments and feedback. During the
meeting training resources, in the form of performancebased videos were used to train and further prepare
faculty to new scoring schemes and further improve
standardization. Also, all faculty were supplied with
updated research articles about OSCE description and
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Table 1
OSCE blueprint of the Saudi board exam of anesthesia in the academic year 2016-2017.
Active stations

Inactive station

Obstetrics
Anesthesia
Pediatric
Anesthesia

X
X
X

X

X

X

Ambulatory/
Offsite Anesthesia

Airway
Management

Machine or Equipment
X

Trauma/
Resuscitation

PAC/Pre-op
Anesthesia
Vascular/
Cardiac Disorders
Anesthesia
Major Illness

ECG

X

ICU

Regional
Anesthesia/
Pain
Thoracic
Anesthesia/
Respiratory
Anesthesia

Monitoring

data interpretation

Pulmonary function tests

X

ABG

X

Sono-anatomy

Anatomy

Neuroanesthesia

imaging

CXR

Part-task skill

Resuscitation and life
support

Breaking bad news

Counseling and informed
consent

Physical exam

Skills assessed

History taking & patient
assessment

Content area

X

X

X

X

X

X
X
X

X

X

X
X

scoring for further self-reading. Orientation about the
exam process was also provided to all exam candidates
ahead of time before exam taking and all their queries
about the OSCE were answered. The exam standard
settings put by the committee in the previous trail year
were also meticulously followed in this exam.
The data analyzed using Number Crunching
Statistical System (NCSS), 2017 Software. The
quantitative data was expressed as number and

X

X

percentage. P value < 0.05 is considered significant.

Results
The questionnaire was distributed to all the
participants in the exam which included 44 candidates
and 20 examiners and all of them responded to it. It
was noticed that this exam was the first exposure to the
OSCE experience of 84% of the candidates (Table 2). In
M.E.J. ANESTH 25 (1), 2018
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Table 2
Demographics and
previous exposure to
OSCE of candidates and
examiners of the
Saudi board exam
of anesthesia in the
academic year 2016-2017

Candidates
(N = 44)

Variables

Examiners
(N = 20)

N

%

N

%

Gender
Male
Female

32
12

(72.73%)
(27.27%)

20
0

(100%)
(0%)

Province
Jeddah
Riyadh
Dammam
Oman

12
18
6
8

(27%) (41%)
(14%)
(18%)

-

-

Previous exposure to OSCE
1st taker
Repeaters

37
7

(84%)
(16%)

addition, the majority of the candidates and examiners
(81% and 90% respectively) considered that overall
difficulty of the OSCE was moderate (Figure 1).
Fig. 1
Perception of the overall difficulty of the OSCE

The most interesting characters of OSCE, as
perceived by the candidates, were that OSCE stimulated
them to go and learn more about some of the topics

Fig. 2
Candidates’ perception about OSCE

covered (84%), OSCE was a lot like real life clinical
encounters (82%), OSCE helped them identify their
strengths and weaknesses (81%) and OSCE provides
a good cross section of Anesthesiology (81%). About
76% of the candidate considered OSCE evaluated their
skills fairly (Figure 2).
When it came to the examiners, they perceived
OSCE as enjoyable experience, which they, as a
faculty, would like to have again (100%). They stated
that OSCE provided them with new information about
candidates’ performance level (92%). In addition,
88% and 82% of the examiners though that the active
and inactive OSCE stations respectively evaluated
students’ skills fairly (Figure 3).
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Candidate’s ratings of the individual station
were tentatively correlated with their perception
of the station difficulty. For example 57% of the
candidates rated the station 1 as good stations and in
the same time 10% and 46% (collectively 56%) of
them perceived it as very easy and easy respectively.
On the other hand, 18% of the candidates rated
station 3, that was about breaking bad news, as bad
station and about 19% of them perceived it as very
difficult one (Figure 4). Station 4, that was about the
airway tool, was perceived as good station by 80%
about half of them considered it as easy and very
easy while the other half saw it was of moderate
difficulty (Figure 4). Regarding the inactive stations,
it were observed that stations 12 (about ECG in
renal failure) and 15 (about chest tube drainage) was
reported to be bad by 32% and 30% of the candidates
respectively and 41% and 56% of the candidates
considered them as difficult or very difficult stations
respectively (Figure 5, 6).
Regarding the examiners perception about the
individual station difficulty, it was observed that the
examiners responded only to the stations in which they
were involved, so the number of responses appeared
limited. It was found that, almost all the active
stations, except station 2, were perceived to be of the
appropriate difficulty. Some examiners have a concern
on the active stations number 1 and 2 regarding how
much candidates can learn from these stations (Figure
7). When it came to the inactive stations, the stations
12 (about ECG in renal failure) and 14 (about ECG
block) was reported by the examiners to be too hard.
Candidates ‘ performance in the inactive stations 4, 11
and 14 was expected by some examiners to be poor
(Figure 8).
Among the free comments added to the survey
by the candidates was to add rest stations during the
OSCE especially after the breaking bad news station.
On the other hand, examiners comments were more
about providing more time for students to respond
to the station question and for the examiner to assess
the students more precisely. Other comments and
recommendations added by both candidates and
examiners were seen in Table (3).
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Discussions
The dynamic nature of healthcare practices today
calls for major reform in the way future specialists are
trained and certified. The sole relevance on medical
expertise alone is not sufficient to graduate competent
professionals. Together with curriculum changes,
assessment methodologies have to be modified to
reflect the acquisition of key needed competencies in
all graduates.
Upon reviewing the literature, scarce studies
on the postgraduate student’s perceptions about the
relevance of OSCE in their high stake exams were
identified. On the other hand plenty of studies were
performed on the undergraduate students to achieve
the same objective both worldwide13-20.
It was stated that “area knowledge, practical,
technical, professional and interpersonal skills all
should be assessed before being certified as anesthesia
specialist”21,22. Therefore, assessment of “show how”
levels of competence in anesthesiology is crucial23. In
response to these issues, the Saudi board of anesthesia
has introduced OSCE in their National Saudi Board
Exam in 20154. This study was conducted to assess the
perception of Saudi board exam takers in 2016 as well
as the examiners about OSCE and its relevance to their
practice of Anesthesiology.
Providing feedback to the students on their
progress or performance as well as motivating students
was among the character of OSCE that was reported
previously8. Candidates of the anesthesia Saudi board
exam acknowledged that OSCE helped them identify
their strengths and weaknesses and stimulated them to
go and learn more about some of the topics covered.
Regarding the perceived difficulty of the OSCE,
the majority of the candidates (81%) and examiners
(90%), in this study, considered it of moderate
difficulty. This is supported by previous study findings
on a similar sample of anesthesiology residents who
reported that OSCE is easier to pass than conventional
method23. This perceived level of difficulty might be
behind the perception of OSCE by the candidates
as enjoyable experience (70%) that they would like
to have again (76%) as found in this study. Another
explanation postulated by vast percent (82%) of the
Indian anesthesiology residents who considered that
M.E.J. ANESTH 25 (1), 2018
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Fig. 3
Examiners’ perception about OSCE

Fig. 4
Candidates rating (left) and perception (right) of the difficulty of active OSCE stations

Fig. 5
Candidates ratings of each of the
inactive station
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Fig. 6
Candidates perception of the difficulty of each of the inactive OSCE

Fig. 7
Examiners perception about active OSCE stations

Fig. 8
Examiners perception about inactive OSCE stations
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Table 3
recommendations added by candidates and examiners of the Saudi board exam of anesthesia
in the academic year 2016-2017 to improve OSCE
Candidate’s Suggestions for Improvement

Examiner’s Suggestions for Improvement

- After Breaking Bad News Station kindly put a rest
station.
- Improve the quality of ECG.
- Utilize computerized OSCE.
- If possible, give to the residents the source of
examinations for advance study purposes.
- Improve the quality of monitor and sounds.
- Limit OSCE identifications in one slide.
- All oral, cases should be written in front of the candidates
instead of reading it to him/ her by the instructor.
- Add survey ratings for the examiners and for the center.
- Printed ECG for OSCE Exam.
- Put ECG pictures in answer sheets too.
- Add rest stations during the exam.

IINACTIVE
- If you consider, provide more time for turn over from station 1 to
station 2 it allows the examiners to evaluate the candidates more
precisely.
- Recruit more examiners and initiate 4 lines simultaneously (at the
same time).
- Improve lunch quality.
- Allow independent 2 scoring in checklist instead of take the average
of 2 scores.
- Ensure that candidates have good views during the slide show.
- Add ICU questions.
- Add more peri-operative assessment for elective cases.
ACTIVE
- Some questions need reformation to be more clear.
- Allow case discussion with panel of examiners.
- Allow visualization of videos from previous exam in order to help
examiner to provide more standardization.

the degree of emotional stress is less in OSCE than
traditional methods23.
Among the characteristics of OSCE that was
highly rated by the both candidates and examiners was
that it provides a good cross section of Anesthesiology.
This is true as one of the critical and important steps
during preparing the OSCE of the Saudi board exam of
anesthesia is blueprinting as it represents the tool that
ensure content validity of the exam as was reported
and previously implemented4,24.
It is interesting to find that about 75% of the
candidates and about 85% of the examiners perceived
OSCE as a fair tool to assess student’s skills. It was
expected for this character to be higher among both
examinees and examiners. But it seems to be a
reasonable percent when compared to that reported
by other study conducted recently by Jindal et al on
Indian anesthesiology postgraduate students23. Only
54% and 37% of them considered OSCE as a fair and
unbiased assessment tool respectively compared to the
traditional assessment tools23.
The newly introduced exam format that included
OSCE, may add dimensions that are not covered
on structural oral exam format. Among the needed

competencies are patient and team communication,
dealing with stressful and challenging situation, and
the performance of psychomotor skills. These are
examples of “show how” levels in Miller’s Pyramid.
In this study, it was a surprise to know that about fifth
of the candidates considered the station that assessing
their ability to break the bad news as bad station and
perceived it as very difficult one. This pointed to the
insufficient training of the candidates in this domain
of skills and the need for emphasizing the acquisition
of soft skills by the future specialist. Snadden and Ker
described that the communication skills training (CST)
as a necessary component of many curricula in the
education of health care professionals25. In addition, it
was reported that “health professional communication
skills do not necessarily improve over time or with
clinical experience. But they could be enhanced by
training”26,27.
It was stated that “in order for OSCE to be valid
and reliable, a careful review of test content and design,
training raters, and, as well as implementation factors
must be made”6. In this study, fatigue was reported by
both candidates and examiners hence they raised the
need for rest station. They recommend providing more
time for candidates to response to the station questions
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and for the examiners to assess the students more
precisely. These two points were among the limitations
of OSCE that were noted by Ananthakrishnan28. There
were some recommendations raised by both examiners
and candidates in order to improve the quality of
OSCE implementation. These recommendations were
summarized in this study and were studied by the
exam committed to implement the relevant ones in the
next exam.
Limitations of the study and further
recommendations: The inability to perform a focus
group discussion among both candidates and examiners
is a limitation of this study. These discussion would
provide more understanding and in depth analysis of
their experience with OSCE. A multinational study
with larger sample size is recommended in order to
compare the different settings of the OSCE utilized in
the high-stake exams in different countries. A further
longitudinal study including exam candidates of the
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Saudi board of anesthesia in consecutive years is also
recommended.
It can be concluded, from the results that OSCE
represent an enjoyable, useful experience for both
candidates and examiners of the Saudi board of
anesthesia exam. Further studies are recommended to
improve utility of OSCE and for more application in
other Saudi board exams.
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Abstract
Background: The aim of our study was to evaluate the analgesic efficacy of the combination
of pectoral nerve (Pecs II) block and transversus thoracic muscle plane (TTP) block in modified
radical mastectomy.
Methods: Forty-five women undergoing radical mastectomy under general anesthesia with
a combination of Pecs II and TTP blocks were retrospectively compared with 45 control patients
who received only general anesthesia. Analgesic efficacy was evaluated by intraoperative fentanyl
dose, postoperative pain score, time until first postoperative rescue analgesia and the frequency of
rescue analgesia in the first 12 postoperative hours.
Results: Intraoperative fentanyl dose was significantly lower in patients receiving Pecs II
and TTP blocks compared with general anesthesia alone [mean (standard deviation), 285.6 (76.2)
µg versus 345.3 (120.9) µg, respectively; p = 0.006], but there was no significant difference in
postoperative pain scores.
Conclusion: Combined Pecs II and TTP blocks provided effective intraoperative analgesia
for mastectomy, but there did not appear to be any significant postoperative therapeutic benefit.
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Introduction
Breast cancer is currently the most common
cancer in women; approximately 1 million new cases
are diagnosed every year, a number that is expected to
increase in the future1. Surgery is one of the mainstays
of the management strategies for breast cancer;
30%-40% of patients with breast cancer undergo
mastectomy2.
Uncontrolled perioperative pain can lead to
adverse events such as tachycardia, hypertension,
myocardial ischemia, decrease in alveolar ventilation,
immobility, deep vein thrombosis, poor wound healing
and chronic pain3.
Many modalities have been used to manage
pain during and after radical mastectomy, including
regional techniques such as thoracic paravertebral
block, thoracic epidural block and continuous catheterbased local anesthetic wound infiltration, and systemic
techniques such as intravenous patient controlled
analgesia (IV-PCA). Thoracic paravertebral block
reportedly provides potent analgesia but is technically
challenging and carries the risk of complications such
as systemic hypotension, pneumothorax and spinal
cord trauma4. Novel local anesthetic blocks such as
pectoral nerve (Pecs II) block5,6, transversus thoracic
muscle plane (TTP) block7 and serratus plane block8
have been identified as means of potentially providing
safe and effective analgesia, but the evidence
underpinning the clinical use of these new methods is
still insufficient.
The aim of this study was to evaluate the efficacy
and safety of combined Pecs II and TTP block for
women undergoing modified radical mastectomy.

Methods
Patients and study design
This was a retrospective study undertaken with
ethics committee approval (Hiroshima University
Hospital Center for Integrated Medical Research,
reference number E-587).
Data were collected from the computerized clinical
records of patients treated in 2015 and 2016. Ninety

Mona A. Abo Elamaym et. al

women were identified who had undergone radical
mastectomy. Patients were classified into two groups,
the Pecs + TTP group (n = 45), who received combined
Pecs II and TTP blocks with general anesthesia, and
the control group (n = 45), who underwent general
anesthesia only. Patients’ demographic and clinical
characteristics were extracted from clinical records,
including age, weight, height, American Society of
Anesthesiologists (ASA) physical status, duration of
surgery and anesthesia, and surgical procedure (with or
without of resection of sentinel or axillary lymph nodes).

Outcome measures
The analgesic effect was assessed using the
intraoperative dose of intravenous fentanyl, the WongBaker FACES pain rating scale on postoperative days
0 and 1, the frequency of use of rescue analgesia in
the first 12 postoperative hours and the time to rescue
analgesia (from the end of anesthesia until the first
request for postoperative analgesia). Pain intensity was
measured by ward nurses three or four times a day; we
extracted the highest score of the day to represent the
pain intensity for each of the first two postoperative
days. We also recorded the nature and incidence of
adverse events.

Intraoperative management
An electrocardiogram, non-invasive blood
pressure, pulse oximetry, capnography, bispectral
index and neuromuscular function monitor were used
in all patients. General anesthesia was induced using
an intravenous propofol infusion (TE-371; Terumo,
Tokyo, Japan), and intravenous boluses of 100 μg
fentanyl and rocuronium (0.6 mg/kg). Mechanical
ventilation was provided using a 2:1 mixture of air and
oxygen via a supraglottic airway device. Anesthesia
was maintained using a propofol infusion, rocuronium
and fentanyl were given at the discretion of the
attending anesthesiologist guided by neuromuscular
and hemodynamic status.

Technique
All blocks were performed after induction
of general anesthesia under ultrasound guidance
(Sonosite S-Nerve, Fujifilm, Tokyo, Japan) with a
high frequency linear probe (6–13 MHz). We used

The analgesic efficacy of pectoral nerve and transversus thoracic muscle plane block in
radical mastectomy

the technique described by Blanco for the Pecs II
block (Fig. 1)6. Briefly, 20 ml of 0.25% ropivacaine
was injected between pectoralis minor and serratus
anterior, and 10 ml of 0.25% ropivacaine was injected
between the pectoralis minor and major muscles using
an 8-cm 20 G needle (UNIEVER, UNISYS, Saitama,
Japan).
Fig. 1
Ultrasound image of a pectoral nerve block showing the
needle between pectoralis minor and serratus anterior at the
level of the fourth rib
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acetaminophen. For postoperative pain, nonsteroidal
anti-inflammatory drugs or acetaminophen were
given at patient request or on the judgment of ward
nurses.
Fig. 2
Ultrasound image of transversus thoracic muscle plane block
showing the needle between the internal intercostal muscle and
transverus thoracic muscle.

Statistical analysis

The TTP block was performed as described by
Ueshima7; 15 ml of 0.25% ropivacaine was injected
between the internal intercostal and transversus
thoracic muscles between the fourth and fifth ribs at
the sternum (Fig. 2). At the end of surgery the patients
were administered 50 mg flurbiprofen or 1,000 mg

Statistical analysis was performed using SPSS
Statistics software (version 20; IBM, Armonk, NY,
USA). Parametric datasets were compared using the
unpaired t-test and data are presented as the mean ±
standard deviation. Nonparametric data were compared
using Mann-Whitney U-test or the chi-squared test, and
are presented as the median and interquartile range. A
p value <0.05 was considered statistically significant.

Table 2
Intraoperative fentanyl consumption and postoperative pain intensity
Pecs + TTP
(n = 45)

Control
(n = 45)

p-value

285.6 ± 76.2

345.3 ± 120.9

0.006

Pain score POD0

2 (1-2)

2 (1-3)

0.66

Pain score POD1

2 (1-2)

2 (1-2)

0.51

6 (3-9.5)

6 (1.5-10)

0.89

1 (1-1)

1 (0.5-2)

0.38

Intraoperative fentanyl consumption (µg)*

Time to rescue analgesia (h)
Frequency of rescue analgesia (first 12 postoperative hours)

Data are expressed as the median (range) or *the mean ± standard deviation.
Abbreviations: Pecs + TTP, pectoral nerve and transversus thoracic muscle plane blocks; POD, postoperative day.
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Table 1
Patients’ demographic and clinical characteristics
Pecs + TTP
(n = 45)

Control
(n = 45)

P-value

61 ± 14

57 ± 13

0.43

Height (cm)

154.2 ± 6.4

155.0 ± 6.4

0.53

Weight (kg)

54.5 ± 8.8

53.1 ± 8.1

0.44

4/41

9/36

0.23

Duration of surgery (min)

115 ± 30

112 ± 31

0.70

Duration of anesthesia (min)

175 ± 36

158 ± 33

<0.001

SND*

26 (57.8%)

30 (66.7%)

0.52

ALND*

19 (42.2%)

20 (44.4%)

1.0

Age

ASA status I/II*

Data are expressed as the mean ± standard deviation or * the numbers (%) of patients in each group.
Abbreviations: Pecs + TTP, pectoral nerve and transversus thoracic muscle plane blocks; ASA, American Society of Anesthesiologists;
SND, sentinel node dissection; ALND, axillary lymph node dissection.

Results
Age, height, weight, ASA physical status,
duration of surgery, and the proportion undergoing
sentinel lymph node (SND) or axillary lymph node
(ALND) dissection were comparable between the Pecs
+ TTP and control groups (Table 1). The duration of
anesthesia was significantly longer in the Pecs + TTP
group than the control group (mean 175 ± 36 min versus
158 ± 33 min, respectively (p <0.001). Intraoperative
fentanyl consumption was significantly lower in the
Pecs + TTP group than controls (mean 285.6 ± 76.2
µg versus 345.3 ± 120.9 µg, respectively; p = 0.006).
There was no significant difference between the
groups with respect to postoperative pain intensity,
time to rescue analgesia or the frequency of rescue
analgesia in the first 12 postoperative hours (Table 2).
Nine patients (20.0%) each in the Pecs + TTP and
control complained of nausea or vomiting. No blockrelated complications, such as bleeding, pneumothorax
or local anesthetic toxicity, were observed throughout.

Discussion
We found that combined Pecs II and TTP blocks
provided safe and effective intraoperative analgesia for
radical mastectomy, but that there were no apparent

postoperative therapeutic beneficial effects.
Acute severe pain after mastectomy is strongly
associated with subsequent persistent postsurgical
pain, which occurs in 30%-70% of patients9 and
may also trigger anxiety and depression10. Thoracic
paravertebral block is a conventional regional analgesic
technique for breast surgery, and there is strong
evidence for its therapeutic benefits4. Nonetheless, the
thoracic paravertebral space lies close to the pleura
and spinal nerve roots; even with ultrasound guidance
the technique can be challenging. The Pecs II block
described by Blanco reportedly blocks the lateral
and medial pectoral nerves, the intercostobrachial
nerve and the lateral pectoral cutaneous branches of
the intercostal nerves6. Ultrasound guided Pecs II
block is not technically difficult. The target muscle
compartment is easily identified without changing
the patient’s position, which is necessary for epidural
anesthesia and thoracic paravertebral block.
The clinical efficacy of the Pecs II block has
been examined in several studies. Bashandy and
Abbas reported that the addition of Pecs II block to
general anesthesia significantly decreased visual
analog scale for pain intensity and postoperative
morphine consumption after breast surgery11. Kulhari
and colleagues recently reported that the range of
sensory block afforded by the Pecs II block spreads
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cephalad compared with thoracic paravertebral block,
and that the duration of analgesia after a single shot
injection was longer after Pecs II block than thoracic
paravertebral block with the same dose of local
anesthetic12.

scale or visual analog scale14. Moreover, we did not
assess pain intensity on movement; Pecs II blocks the
lateral and medial pectoral nerves that have no sensory
component but are associated with postoperative
pectoralis major muscle spasm15.

Pecs II block is suitable for total mastectomy with
ALND as it can block the second thoracic dermatome
(T2), but as it does not reliably block the anterior
pectoral branch of the intercostal nerve, analgesia of
the internal breast tissue may be insufficient. The TTP
block as described by Ueshima provides analgesia
for the internal mammary region; consequently the
combination of Pecs II and TTP block would be
expected to provide analgesia for the whole breast13.
Another advantage of both blocks is that they can
be performed in patients receiving anticoagulant
therapy, because the injection site is superficial. The
combination of Pecs II and TTP blocks can therefore
reportedly provide analgesia of all parts of breast7.

Although the intraoperative consumption of
fentanyl was lower in the Pecs + TTP group, the
incidence of postoperative nausea and vomiting was
the same as the control group. As none of the patients
requested additional opioid analgesia postoperatively,
remifentanil may be more suitable than fentanyl for
intraoperative analgesia during mastectomy augmented
by Pecs II and TTP blocks.

In our study, the analgesic effect of Pecs + TTP
blocks was restricted to the intraoperative period. There
are several reasons that postoperative efficacy may not
have been detected. First, ours was a retrospective study,
and although pain scores were recorded regularly three
or four times a day, they may not have coincided with
the expected duration of the block, which is reportedly
approximately 8 h6. Second, although the FACES
scale is easy to for patients to understand, in adults
the sensitivity is inferior to an 11-point numeric rating

Our study had the following limitations. First,
it was retrospective in nature and patients were not
randomized into the experimental groups. Second, as
Pecs II and TTP blocks were performed after induction
of general anesthesia, it was not possible to assess
whether the block had worked or not. Third, there were
no clear criteria to inform the administration of intra-or
postoperative analgesia, which were given according
to the anesthesiologist’s discretion, patient request or
on the nurses’ recommendations.
In conclusion, the combination of Pecs II and
TTP blocks provided effective intraoperative analgesia
for radical mastectomy, enabling reduced opioid
consumption, but did not appear to have a postoperative
therapeutic benefit.
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Effect of intraoperative infusion of
Dexmedetomidine on emergence agitation among
adults undergoing nasal surgeries-A prospective
randomised double blind study
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Abstract
Context: Emergence agitation (EA) is significant in patients recovering from general
anaesthesia for nasal surgery.
Aim: To assess the efficacy of dexmedetomidine infusion in reducing the incidence of EA in
adults undergoing nasal surgery.
Settings and Design: In this prospective randomised double blind study we recruited 56
adult patients belonging to ASA 1& 2 and aged 18-60 years.
Methods and Material: Group D [n=28] received a continuous infusion of dexmedetomidine
at 0.4 μg/kg/hr from induction of anaesthesia until nasal packing. Group C [n=28] received a volume
matched infusion of 0.9% saline. Incidence of EA was diagnosed on a score of 5 or more on the
Ricker sedation agitation scale. Haemodynamic parameters, time of awakening and post-operative
recovery characteristics in the perioperative period were also observed. Statistical analysis was
performed using independent samples T-test, Chi-Square test or Fisher’s Exact test.
Results: The incidence of EA was significantly lesser with 11(39.3%) subjects in Group D
compared to 24(85.7%) subjects in Group C (p < 0.01). The mean duration of time of awakening
was prolonged in group D compared to group C (11.14 min vs 5.43 min). The heart rate and mean
arterial pressure were significantly lower in the study group compared to the control group (p
value<0.01). The number of patients requiring rescue fentanyl in study group compared to control
in Post Anaesthesia Care Unit (1 Vs 18) was significantly less.
Conclusion: Dexmedetomidine infusion during nasal surgery satisfactorily reduces the
incidence of EA without increasing the adverse effects.
Keywords: Emergence agitation, Dexmedetomidine, nasal surgery.

Introduction
Emergence agitation (EA) is a transient state of marked irritation characterised by restlessness,
disorientation, wild thrashing in association with shouting and screaming after the discontinuation
of anaesthesia in some patients. This postanesthetic excitement may impair the quality of recovery
1
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from general anaesthesia1. It can suddenly become
dangerous and have serious consequences for the
patient such as self-injury, increased post-operative
pain, hemorrhage, self-extubation and removal of
catheters requiring physical or pharmacological
restraint. Furthermore EA is also worrisome to
anesthesiologists and recovery room staff raising the
hospital costs2. The incidence of EA after general
anaesthesia is 21.3% is more common after oral cavity
and otolaryngological surgery than other types of
surgery3. Despite its common occurrence and serious
sequelae, EA has been studied occasionally in adults.
Various pharmacological measures have been
used to reduce the incidence of EA in children
anesthetized with sevoflurane, desflurane or both. In
a meta-analysis, it was found that ketamine, fentanyl,
propofol, α2 agonist and providing peroperative
analgesia were effective in preventing EA4.
Dexmedetomidine (Dex) is a highly selective
α2 agonist which produces sedation and anxiolysis
through reduction in sympathetic central nervous
system activity. It has a major advantage over other
sedatives that it is associated with minimal respiratory
depression. Moreover its activation of α2 receptors
accentuates the action of opioids and decreases opioid
consumption5.
This study was planned to evaluate the efficacy
of intraoperative infusion of Dex in reducing EA in
adults undergoing nasal surgery. The hemodynamic
stability and recovery characteristics in PACU were
also evaluated.

Subjects and Methods
This prospective, randomized double blind
placebo controlled study was initiated after obtaining
approval of departmental research committee and
Institutional ethics committee.
The patients were contacted one day prior to the
surgery to discuss the methodology. All the subjects
who provided written informed consent were assessed
for inclusion and exclusion criteria and enrolled into
the study. Anticipating a difference of 30% in the
proportion of patients with EA after extubation, to
be clinically significant for a power of 80% at 95%
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confidence limits, 28 patients were required in each
group.
Fifty six patients aged between 18 to 60 years,
belonging to ASA physical status 1 & 2 and undergoing
elective nasal surgeries under general anaesthesia in
which nasal packing on each side was used for 24 hours
after surgery were included in the study. Subjects with
known or suspected allergy to α2-receptor agonist or
NSAIDS, with history of uncontrolled hypertension,
heart block greater than first degree, using MAO
inhibitors or adrenergic blocking drugs, with cognitive
impairment, chronic use of antipsychotic medications,
alcohol abuse, with clinically significant neurologic,
cardiovascular, renal, hepatic or gastrointestinal tract
diseases, requiring surgeries longer than 2 hrs duration
were excluded from the study.
A preoperative anxiety scoring using visual
analogue scale ranging from 1 to 10 was obtained on
the day prior to surgery. All patients were premedicated
with oral alprazolam 0.25 mg, pantoprazole 40 mg and
metoclopramide 10 mg on the night prior to surgery
and at 5 am on the day of surgery.
On the day of surgery patients were randomly
assigned to either of the following two groups: Group
C (control group) and Group D (Dexmedetomidine
group) using computer generated random sequence
allocation. Concealment was ensured using
sequentially numbered, opaque sealed envelope.
Study drugs were prepared by observer 1, not
involved in the data collection, in unlabelled 50 ml
syringes. Dex (1ml = 100µg) was diluted with normal
saline (49 ml) to a concentration of 2µg/ml in 50 ml
syringe and control group drug was loaded with 50 ml
normal saline as placebo
Patient was then shifted to the operation theatre
where intravenous access was secured by a second
observer. Monitoring with 5 electrode ECG, noninvasive blood pressure (BP), pulse oximetry, and
end tidal carbon dioxide was established. The study
drug (Dex/ normal saline) infusion was started at 0.4
µcg/kg/hr just before anaesthetic induction. Baseline
readings were noted and monitored at every 5 minute
intervals for first 30 minutes of surgery and then every
15 minutes till the end of surgery and extubation.
Intravenous (IV) access was secured and infusion
of the study drug was started as per the group and

Effect of intraoperative infusion of Dexmedetomidine on emergence agitation among
adults undergoing nasal surgeries – A prospective randomised double blind study

recommended infusion rate.
General anesthesia was induced by a combined
use of fentanyl 2µg/kg and Propofol 2-2.5mg/kg.
After confirming the ability to ventilate the lungs, IV
vecuronium 0.1 mg/kg was used for neuromuscular
blockade. Ventilation was assisted with 2% isoflurane in
100% oxygen for 3 minutes, followed by laryngoscopy
and orotracheal intubation was performed using either
7 or 7.5 mm internal diameter polyvinyl chloride cuffed
orotracheal tube in women and either 8 or 8.5 mm
internal diameter polyvinyl chloride cuffed orotracheal
tube in men. Maintenance of anesthesia was achieved
with Isoflurane 1-1.2 MAC, 66% N2O, 33% O2.
Once the surgery was completed, oral suction
was performed, and reversal of neuromuscular
blockade was done with neostigmine 0.05 mg/kg
and glycopyrrolate 0.01 mg/kg after conﬁrming the
return of neuromuscular function using train-of-four
peripheral nerve stimulation. Subsequently, isoﬂurane
was turned off (deﬁned as ‘time zero’ in the emergence
process) in both groups, and mechanical ventilation
was then converted to manual ventilation with 100%
oxygen at 5 litre/ min. The patients were not disturbed,
except by continual verbal requests to open their eyes.
All other stimuli were prevented.
Extubation was performed once subject was
breathing spontaneously, following verbal commands,
having intact gag reflex and able to generate tidal
volume of 6ml/kg body weight and no fade detected
with a DBS stimulus at 40 mA using PNS.
The following observations were noted at the end
of surgery by a third observer blinded to the study:
1) Time zero (TZ): Time of expired Isoflurane
concentration of 0.6 following completion of the
procedure
2) Time of awakening or just before extubation
(TJE): Time from TZ till the patient is awake
3) Time to 5 minutes after extubation (T5E):
Time from TZ to 5 min after tracheal extubation
4) RSA grade (RSA = Ricker sedation-agitation
scale) was recorded for TJE and T5E
The level of EA was assessed using Ricker
sedation-agitation scale and complications at emergence
were recorded. RSA Grade ≥ 7 was considered as
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dangerous EA. Assessment of postoperative pain was
done on an 11-point numerical rating scale (NRS) for
pain. Postoperative nausea and vomiting was done on
a 4 point nausea and vomiting scale. BP and heart rate
were monitored periodically. Readiness to discharge
from post anesthetic care unit was assessed by Aldrete
score. Subjects were discharged from post anesthetic
care unit on an Aldrete score of ≥ 12. Medications
were administered, if required as per standard protocol
and were well managed.
Statistical analysis was done using SPSS version
20 for Windows. Parametric data were analysed
using Independent Samples T-test and nonparametric
data were analysed using Chi-Square test or Fisher’s
Exact test. A P-value less than 0.05 was considered
statistically significant.

Results
A total of 56 patients undergoing Functional
Endoscopic Sinus Surgery (FESS) and Septoplasty
under general anesthesia aged 18 to 60 years were
included in the study.
The number of subjects exhibiting EA with a
Ricker sedation agitation score of 5 to 7 was lesser in
Group D n=11 (39.3%) compared to Group C n=24
(85.7%), p<0.05 (Figure 1). None of the subjects in
Group D had EA at 5 min after extubation and only one
subject in Group C had an EA which was statistically
insignificant.
There were no statistically significant differences
between the intervention and control group with respect
to age, gender, weight and ASA grades (Table 1). In the

Table 1
Patient characteristics (Mean ± SD) or numbers.
Characteristics
Group C3
Group D
P-value
(n=28)
(n=28)
Age (years)

38.3 ± 11.7

35.5 ± 11.8

0.74

Weight (kg)

60.7 ± 8.0

67.2 ± 10.6

0.06

25/3

21/7

0.163

24/4

20/8

0.193

Gender (Male/
Female)
ASAPS (1/2)
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Fig. 1
Emergence agitation among
study participants

intra-operative period, HR and mean arterial pressure
(MAP) were significantly lower in the intervention
group compared to the control group (Table 2). Time
taken for awakening (TA) was 11.14 ± 2.718 minutes
in Group D and 5.43 ± 1.168 minutes in Group C and
this difference was statistically significant (p < 0.01).
In the PACU, the HR and MAP were statistically
lower in Group D compared to group C (Table 3).
The pre-operative anxiety score P (Mean ±
SD) were 5.54 ± 0.793 and 5.46 ± 0.881 in Group
C and Group D respectively; however no significant
difference was noted (p = 0.751). Rescue analgesic

was needed in 18 (64.3%) subjects in Group C and
only in 1 (3.6%) patient in Group D and this difference
was statistically significant (P < 0.05).
Length of stay in PACU in Group D and Group C
were 121.07 ± 9.9 and 120.0 ± 0.0 minutes respectively
no statistically significant difference.

Discussion
The intraoperative continuous infusion of Dex at
0.4 μg/kg/hr reduced the incidence of EA in patients
undergoing nasal surgeries. EA was lesser in patients

Table 2
Data is presented as (Mean ± SD).
Time Intervals
(minutes)

Mean Arterial Pressure (mmHg)

Heart rate (beats/min)
Group C
(n=28)

Group D
(n=28)

P-value

Group C

Group D

0

82.7 ± 11.8

80.3 ± 10.6

0.436

88.3 ± 12.9

82.6 ± 10.9

15

81.2 ± 9.9

67.6 ± 8.9

83.8 ± 13.6

69.2 ± 10.5

30

80.9 ± 9.0

60.6 ± 5.9

80.1 ± 6.9

62.4 ± 6.2

45

81.4 ± 8.4

60.1 ± 5.7

82.2 ± 7.2

62.1 ± 3.9

60

81.5 ± 9.2

59.8 ± 5.3

82.5 ± 8.0

61.8 ± 3.5

75

82.5 ± 6.8

60 ± 6.4

83.8 ± 10.5

62.5 ± 6.2

90

82.5 ± 7.3

59.8 ± 5.2

84.0 ± 7.3

61.3 ± 3.5

105

81 ± 8.2

61.2 ± 5.5

85.7 ± 6.2

63.5 ± 3.9

<0.01

P-value

0.077

<0.01
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Table 3
Comparison of haemodynamic parameters between the study and control groups Data is presented as (Mean ± SD).
Time Intervals
(minutes)

Mean Arterial Pressure

Heart rate
Group C
(n=28)

Group D
(n=28)

5

81.9 ± 9.9

10

P-value

Group C
(n=28)

Group D
(n=28)

65.2 ± 6.2

84.7 ± 7.6

65.3 ± 6.1

80.1 ± 9

64.1 ± 5.7

82.3 ± 7.2

63 ± 5

15

79.2 ± 7.8

64.1 ± 5.8

82.1 ± 8

62.9 ± 4.5

30

79.1 ± 7.4

63.4 ± 4.7

81.9 ± 7.2

63.4 ± 4.8

60

79.9 ± 7.2

62.9 ± 5

79.3 ± 5.6

63.2 ± 4.2

90

78.7 ± 7.8

64 ± 5.7

80.4 ± 5.4

63 ± 4.1

120

80.6 ± 7.3

62.7 ± 3.9

80.8 ± 5.4

63.2 ± 4.2

who received intraoperative Dex. In a study conducted
by Kim et al, with dex infusion at 0.4µg/kg/hr on
adult patients undergoing nasal surgery, the time from
desflurane discontinuation to extubation (8.7 min in
Group D vs 7.8 min in Group C, P=0.092) was not
different, however the time to verbal response was
longer in Group D compared with Group C (8.1 min
vs 7.0 min, P<0.044). The incidence of emergence
agitation was lower in Group D than in Group C (28%
vs 52%, P<0.041), Agitation subsided within 5 min
after extubation in all patients6. Similar results were
reported by Patel et al and Erdil et al6,7,8. Its noteworthy
that in a study by Chen JY et al intraoperative Dex
bolus, followed by infusion decreased EA in children
undergoing strabismus surgery by 57-70%9. Thus role
of Dex in minimizing EA among paediatric and adult
patients undergoing select surgery has been strongly
supported by these studies.
Dex is a sedative as well as hypnotic anesthetic
agent and at low dose, it produces a sedative effect that
mimics natural stage 2 NREM sleep, patients remains
drowsy but are cooperative and arousable8. This
mechanism of action probably explains the reduction
in the proportion of patients experiencing EA in the
study group compared to control group.
In the current study, we observed that HR and

<0.01

P-value

<0.01

MAP was lesser in the study group compared to the
control group. Although this difference was statistically
significant, it wasn’t clinically significant and did not
require therapeutic intervention. The lower HR and
MAP observed in Group D could be explained by the
decreased sympathetic outflow and circulating levels
of catecholamines that are caused by Dex. The goal of
providing stable hemodynamics was fulfilled with Dex.
The incidence of hypotension that required treatment
with mephenteramine was not different between the
two groups and no patient in Group D had bradycardia.
In a study conducted by Kim et al with an infusion of
0.4 μg/kg/hr of Dex, there was no significant difference
in intraoperative MAP and HR values in either of the
two groups6. Similar observations were reported in
studies conducted by Patel et al7 and Tufanogullari et
al10 among children and adults respectively.
The EA was mainly seen just before extubation,
which can be attributed to various factors like presence
of endotracheal tube, patient not completely out of
anesthesia, and blood in nasal and oral cavity. This
would further ascertain the fact that these factors could
be precipitating EA prior to extubation. However it
was found that patient calmed down five minutes after
extubation since the above mentioned factors no more
existed and in addition, intraoperative Dex infusion
M.E.J. ANESTH 25 (1), 2018

100
could have facilitated the reduction of EA.
Preoperative anxiety can itself be an independent
cause of EA. The effect of preoperative anxiety using
a subjective visual analogue scale on EA was unique
in this study compared to other studies. It was found
that preoperative anxiety had no bearing on EA as it
was equal in the patients who had EA and in whom
agitation was absent. Kain ZN et al studied the
correlation between preoperative anxiety and EA.
Regression analysis showed that the odds of having
marked symptoms of emergence delirium increased by
10% for each increment of 10 points in the child’s state
preoperative anxiety score (mYPAS)11.
In the PACU, MAP and HR were more stable in
Group D compared to Group C. None of the patients in
either group was agitated in the postoperative care unit.
Our results were consistent with the study conducted
by Gurbet et al who showed no significant differences
in MAP and HR in PACU between the control and Dex
group5.

Deepak B.K et. al

In summary, although intraoperative infusion of
low dose of Dex successfully reduced the incidence of
EA facilitating smooth recovery in adults undergoing
nasal surgery and preserved the hemodynamic
stability it requires close cardiovascular monitoring.
The analgesic sparing effect of Dex makes it an ideal
component of multi-modal analgesia.
Limitations of the study: The subjects could not
be followed post-operatively beyond two hours. Hence
the post-operative opioid sparing effect of dex and
antiemetic requirements could not be assessed beyond
2 hours.
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Enoxaparin Versus Unfractionated
Heparin for Venous Thromboembolism
Prophylaxis in Critically Ill Patients:
A Propensity Score-Adjusted Analysis
Hasan M. Al-Dorzi1, Hani M. Tamim2,
Shmeylan A. Al Harbi3 and Yaseen M. Arabi11*

Abstract
Background: There is limited evidence that guides the choice between heparins for
thromboprophylaxis in critically ill patients. The objective of this study was to compare enoxaparin
with unfractionated heparin (UFH) as a prophylactic strategy in the intensive care unit (ICU).
Methods: This was a prospective cohort study (N=798) that evaluated the incidence of
symptomatic venous thromboembolism (VTE) in a medical-trauma-surgical ICU patients (7/20061/2008). Thromboprophylaxis was given routinely according to established evidence-based
guidelines. First, a propensity score was derived from a multinomial logistic regression model to
adjust for baseline imbalances. Then Cox proportional regression analysis was used to estimate
hazard ratio adjusting for the generated propensity score.
Results: Of the 798 patients in the cohort, 639 (80.0%) patients received a heparin for
thromboprophylaxis: 174 patients received enoxaparin and 465 patients received UFH. There was
no difference in VTE incidence during ICU stay in the two groups: 8.0% (3.1 per 1000 patient-days)
for patients on enoxaparin and 7.5% (3.6 per 1000 patient-days) for those on UFH. Additionally,
VTE incidence was 7.3% for patients on UFH 5000 units 12 hourly and 7.6% for those who
received 5000 units 8 hourly (p=0.89). The VTE rates were similar in medical, trauma and surgical
patients. Enoxaparin was associated with similar VTE risk compared with UFH (propensity scoreadjusted hazard ratio, 0.95; 95% CI, 0.46-1.96). This finding was observed in medical, trauma and
surgical patients.
Conclusions: In a medical-trauma-surgical ICU, the use of enoxaparin was associated with
similar VTE incidence and adjusted VTE risk compared with UFH.
Keywords: Critically ill, venous thromboembolism, heparin, low-molecular weight heparin,
prophylaxis.
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Introduction
Critically ill patients have multiple risk factors
for venous thromboembolism (VTE)1 leading to
deep venous thrombosis (DVT) incidence that ranges
between 9.6 and 33%2-4. The 2012 Antithrombotic
Therapy and Prevention of Thrombosis 9th edition
(AT9) guidelines recommended routine assessment
for VTE risk and thromboprophylaxis and suggest
pharmacologic prophylaxis using unfractionated
heparin (UFH) or low molecular weight heparin
(LMWH)5. The evidence clearly favors heparins over
no prophylaxis to prevent DVT with a recent systematic
review of seven trials involving 7,226 patients in adult
medical-surgical intensive care units (ICUs) showing
that a heparin (UFH or LMWH) thromboprophylaxis
compared with placebo reduced the rates of DVT
(pooled risk ratio, 0.51; 95% confidence interval
[CI], 0.41-0.63; p< 0.0001; I2=77%) and pulmonary
embolism (PE) (risk ratio, 0.52; 95% CI, 0.28-0.97;
p=0.04; I2= 0%)6. The evidence that compared LMWH
with UFH for thromboprophylaxis in ICU patients is
less conclusive. A randomized controlled trial in major
trauma patients compared LMWH with UFH and
found that DVT incidence was significantly lower in
the LMWH (enoxaparin) group (31% versus 44% in
UFH group, p=0.01)7. Three subsequent randomized
controlled trials in medical8,9 and surgical10 ICU
patients compared enoxaprin (30 mg twice daily8,9
or 40 mg once daily10) with UFH (5000 units twice
daily) did not find difference in the incidence of all
DVT. The largest multicentre randomized controlled
trial to date, compared LMWH (dalteparin, 5000 units
subcutaneously once daily) with UFH (5000 units
twice daily) in 3764 nontrauma ICU patients and found
similar proximal DVT incidence (5.1% versus 5.8%,
respectively, hazard ratio [HR], 0.92; 95% CI, 0.681.23)11. The meta-analysis of these trials found that
LMWH reduced rates of PE (two trials, risk ratio, 0.62
[95% CI, 0.39-1.00]; p=0.05; I2=53%) but not DVT
(four trials, risk ratio, 0.90; 95% CI, 0.74-1.08; p=0.26;
I2=0%) compared with UFH6. However, a more recent
meta-analysis of eight randomized controlled showed
LMWH compared with UFH reduced the risk of any
DVT (risk ratio, 0.84, 95% CI; 0.71-0.98, p=0.03)12.
The available evidence on LMWH versus UFH
for thromboprophylaxis in ICU patients may be
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criticized by the fact that the trials compared LMWH
with UFH given twice daily and used different
LMWHs. It is believed that the anticoagulant effect
of different LMWHs may not be the same13. Michalis
et al compared tinzaparin with enoxaparin in non-STsegment elevation acute coronary syndromes and found
lower incidence of the primary end point (recurrent
angina, myocardial infarction or reinfarction, or death
at day 7) in the enoxaparin group (12.3% versus 21.1%
in the tinzaparin group, p=0.015)14, with sustained
benefit at 6 months15. The American Heart Association
specifies that enoxaparin is preferred to UFH in the
noninvasive management of unstable angina and nonST elevation myocardial infarction as limited data are
available for the use of other LMWHs16.
The aim of this study was to compare enoxaparin
with UFH given twice or thrice daily as a VTE
prophylactic strategy in a medical-surgical ICU.

Methods
Setting and patients
The ICU was a closed medical-trauma-surgical
unit staffed by board-certified intensivists 24 hours
per day, 7 days per week. The hospital was a 900bed tertiary-care academic center in Riyadh, Saudi
Arabia and had adapted its own evidence-based
thromboprophylaxis guidelines that were based on
the 2004 ACCP recommendations17. The treating
intensivists selected the thromboprophylaxis modality
after assessing VTE and bleeding risks. During the
study period, the heparins available in the hospital
formulary were enoxaparin and UFH.
This prospective observational cohort study was
performed to determine the incidence, predictors and
outcomes of VTE in critically ill patients18. The cohort
was comprised of consecutive adult patients (age
≥18 years) admitted to the ICU of King Abdulaziz
Medical City between July 2006 and January 2008
and expected to stay in the ICU for >48 hours. Patients
were excluded if they had any of the following: DoNot-Resuscitate order or brain death within 24 hours
of admission, chronic anticoagulation with warfarin or
heparin, admission to the ICU with acute PE or DVT
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diagnosed on admission or within first 24 hours. In this
study, patients who did not receive any form of heparin
for DVT prophylaxis were excluded. The cohort
patients were followed for the development of VTE
(both DVT and PE) during ICU stay and up to 5 days
after ICU discharge to the wards. Clinically suspected
DVT and PE were diagnosed by Doppler compression
ultrasound of the extremities and spiral computerized
tomography of the chest as requested by their treating
team, respectively. The study was approved by the
Institutional Review Board of King Abdulaziz Medical
City-Riyadh.

Data collection
The following baseline information were noted:
patient’s demographics including age, gender, body
mass index (BMI), Acute Physiology and Chronic
Health Evaluation (APACHE) II19, Admitting
Diagnostic Category (medical, trauma and surgical
[postoperative]), admission Glasgow Coma Scale
(GCS) score, admission creatinine, bilirubin, lactate,
platelet count, International Normalized Ratio (INR)
and partial thromboplastin time and pre-defined VTE
risk factors. In addition, the following data were
collected on a daily basis for a period of 30 days or
until discharge from the ICU to the ward or death in
the ICU, whichever earlier: use of pharmacologic
thromboprophylaxis (UFH or LMWH [enoxaparin]),
the use of mechanical thromboprophylaxis (graduated
compression stockings and intermittent pneumatic
compression devices), number and location of central
lines, and requirement for mechanical ventilation. The
primary outcome of this study was the incidence of
symptomatic VTE among critically ill patients during
the ICU stay and up to 5 days after ICU discharge. The
secondary outcomes were VTE prophylaxis practices,
ICU and hospital mortality, ICU and hospital length
of stay (LOS), and duration of mechanical ventilation.

Categorization of Patients
In this study, patients were categorized into two
groups depending on what was used for pharmacologic
prophylaxis. The first group included the patients who
received enoxaparin and the second group those who
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received UFH. Patients who were switched from UFH
to enoxaparin or vice versa as decided by the treating
intensivist were allocated to the first group if enoxaparin
use was used for >50% of thromboprophylaxis duration
and to the UFH group if UFH use was for >50%.

Statistical Analysis
Statistical analysis was performed using the
Statistical Analysis Software (SAS, Release 8,
SAS Institute Inc., Cary, NC, 1999, USA). Baseline
characteristics, clinical data and outcomes were
summarized by providing the frequencies with
percentages for categorical variables and means with
standard deviations for continuous variables. The
Chi-square test was used to assess differences among
the two groups for categorical variables and Student
t test for continuous variables. We calculated VTE
incidence and incidence rate per 1000 patient-days in
the different groups and reported the incidence rate
ratio with 95% CI.
Due to the observed imbalances in baseline
characteristics, a propensity score was generated using
covariates related to exposure (use of UFH or LMWH)
and outcome (incident VTE)20. Hence, the following
variables were entered in the regression model: age,
sex, BMI, admission category (medical, surgical and
trauma), time spent in the hospital prior to enrolment
in the study, admission APACHE II score, Glasgow
Coma Scale (GCS) on admission, baseline glomerular
filtration rate as estimated by the Modification of Diet
in Renal Disease (MDRD) formula21 (< versus ≥30
ml/hour), platelet count, INR, partial thromboplastin
time, spinal cord injury, recent surgery, recent femur or
pelvic fractures or knee or hip replacement, bedridden
status before ICU admission, presence of malignancy,
recent surgery, recent stroke, presence of central
venous or hemodialysis catheter, presence of sepsis
on ICU admission, and use of mechanical prophylaxis
(graduated compression stockings and/ or intermittent
pneumatic compression devices). A multivariate
Cox proportional regression analysis was performed
to compare the effect of heparin type on VTE
development adjusting for the calculated propensity
score. Stratified analysis was also performed according
to the admission category, baseline glomerular filtration
M.E.J. ANESTH 25 (1), 2018
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Fig. 1
The use of enoxaparin and
unfractionated heparin
for thromboprophylaxis
in medical, trauma and
surgical patients. There was
a significant difference in
the pattern of heparin use
among the three groups
(p<0.001) at the end the
sentence.

rate (< versus ≥ 30 ml/hour) and the use of graduated
compression stockings and of intermittent pneumatic
compression devices. The results of the Cox regression
analyses were presented as HR with 95% CI. P-values
< 0.05 were considered statistically significant for all
analyses.

Results
Patient Characteristics
The primary cohort consisted of 798 patients
and 639 (80.0%) patients who received heparin
for VTE prophylaxis were included in this study.
Demographics, pertinent laboratory tests and VTE risk
factors as presented in table 1. When adjusted for the
generated propensity score, all differences between

Fig. 2
Incidence of venous
thromboembolism in medical,
trauma and surgical patients.

groups became non-significant UFH.. Figure 1
describes the use of enoxaparin and UFH depending on
the admission type. Most medical (85.1%) and surgical
(79.2%) patients received UFH whereas most trauma
(58.7%) patients received enoxaparin. For patients
who received UFH, 192 (41.3%) received 5000 units
12 hourly, 250 (53.8%) patients received 5000 units 8
hourly and the rest (4.9%) received other doses. The
use of mechanical prophylaxis in addition to heparin
was common (50.4%). Patients on enoxaparin received
mechanical prophylaxis more commonly (60.3%
versus 46.7% for those receiving UFH; p=0.002).

Incidence of venous thromboembolism
VTE outcomes in the two groups are presented
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Table 1
Characteristics of patients of who received phrmacologic thromboprophylaxis
Variable

Enoxaparin

UFH

(N=174)

(N=465)

Age (years), mean ± SD

36.7 ± 18.5

54.7 ± 20.9

Age < 40 years, N (%)

109 (62.6)

124 (26.7)

Age ≥ 40 years, N (%)

65 (37.4)

341 (73.3)

Crude p-value

Adjusted
p-value#

<0.0001

91

<0.0001

0.73

Female gender, N (%)

34 (19.4)

173 (37.2)

<0.0001

0.96

Body mass index (Kg/m2), mean ± SD

27.4 ± 7.2

29.1 ± 11.7

0.04

0.99

<0.0001

0.68

Admitting Diagnostic Category, N (%)
Medical

56 (32.2)

320 (68.8)

Trauma

98 (56.3)

69 (14.8)

Surgical

20 (11.5)

76 (16.3)

APACHE II score, mean ± SD

20.6 ± 7.3

24.4 ± 9.0

<0.0001

0.96

Glasgow Coma Scale score on admission, mean ± SD

7.8 ± 3.9

8.7 ± 4.2

0.01

0.98

Mechanical ventilation, N (%)

156 (89.7)

398 (85.6)

0.18

0.92

Creatinine* (μmol/dL), mean ± SD

96 ± 65

170 ± 154

<0.0001

0.5

Estimated GFR (mL/min), mean ± SD

113.7 ± 165.2

70.2 ± 68.1

0.001

0.51

Lactate* (mmol/L), mean ± SD

2.9 ± 2.5

3.0 ± 3.1

0.63

0.76

Bilirubin* (μmol/L), mean ± SD

23 ± 19

35 ± 74

0.003

0.66

INR, mean ± SD

1.2 ± 0.4

1.3 ± 0.6

0.02

0.99

PTT (seconds), mean ± SD

35.7 ± 38.1

35.6 ± 28.4

0.99

0.98

Platelet count (10 /L), mean ± SD

252 ± 147

268 ± 157

0.26

0.99

Femur fracture N (%)

34 (19.5)

14 (3.0)

<0.0001

0.87

Sepsis, N (%)

29 (16.7)

212 (45.6)

<0.0001

0.96

Congestive heart failure, N (%)

4 (2.3)

30 (6.4)

0.04

0.84

Recent myocardial infarction, N (%)

0 (0)

7 (1.5)

0.1

0.96

Recent stroke, N (%)

6 (3.4)

78 (16.8)

<0.0001

0.97

Previous VTE, N (%)

2 (1.2)

7 (1.5)

0.73

1

Recent surgery, N (%)

81 (46.6)

112 (24.1)

<0.0001

0.93

Recent spinal cord injury, N (%)

13 (7.5)

5 (1.1)

<0.0001

0.83

Malignancy, N (%)

12 (6.9)

58 (12.5)

0.04

0.98

Bedridden Status for more 3 days before admission, N (%)

51 (29.3)

248 (53.3)

<0.0001

0.93

9

Central Line, N (%)

130 (74.7)

331 (71.2)

0.38

0.99

Femoral vein

74 (42.5)

191 (41.1)

0.74

0.21

Internal jugular or subclavian vein

110 (63.2)

308 (66.2)

0.48

0.29

Hemodialysis catheter, N (%)

9 (5.2)

67 (14.4)

Intermittent pneumatic compression devices, N (%)

68 (39.1)

130 (28.0)

0.007

0.98

Compression stocking devices, N (%)

53 (30.5)

108 (23.3)

0.06

0.99

Combination of intermittent pneumatic compression
devices and compression stocking devices, N (%)

16 (9.2)

22 (4.7)

0.03

1

Any mechanical prophylaxis, N (%)

105 (60.3)

217 (46.7)

0.002

0.97

0.42

APACHE, Acute Physiology and Chronic Health Evaluation; GFR, glomerular filtration rate; PTT, Partial Thromboplastin Time; SD,
standard deviation; VTE, venous thromboembolism
# adjusted to propensity Score
* To convert creatinine to mg/dL divide by 88.4, bilirubin to mg/dL divide by 17.1, lactate to mg/dL divide by 0.111
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Table 2
Outcomes of patients
Enoxaparin

UFH

(N=174)

(N=465)

VTE incidence, N (%)

14 (8.0)

DVT alone, N (%)

Crude p-value

Adjusted
p-value#

35 (7.5)

0.83

0.73

5 (2.9)

20 (4.3)

0.41

0.45

PE alone, N (%)

8 (4.6)

12 (2.6)

0.19

0.41

PE and DVT, N (%)

1 (0.6)

3 (0.65)

0.92

0.08

Hospital Mortality, N (%)

26 (15.0)

169 (36.5)

<0.0001

0.26

ICU Mortality, N (%)

11 (6.3)

95 (20.4)

<0.0001

0.31

Mechanical ventilation duration (days), mean ± SD

10.8 ± 9.3

10.6 ± 14.4

0.86

0.65

ICU LOS (days), mean ± SD

21.5 ± 52.1

16.8 ± 21.7

0.25

0.07

Hospital LOS (days), mean ± SD

99.7 ± 179.1

70.6 ± 104.9

0.046

0.16

DVT, deep vein thrombosis; ICU, intensive care unit; LOS, length of stay; PE, pulmonary embolsim; VTE, venous
thromboembolism

in Table 2. Fourteen (8.0%) patients on enoxaparin
and 35 (7.5%) patients on UFH developed VTE during
ICU stay (p=0.89). The corresponding VTE incidence
rates were 3.1 per 1000 patient-days and 3.6 per 1000
patient-days, respectively. The incidence rate ratio in
the UFH compared with the LMWH group was 1.18
(95% CI, 0.64-2.19).
VTE incidences depending on the admission type
(medical, trauma and surgical) as shown in figure 2.
There were no significant differences in this incidence
among medical, trauma and surgical patients (p=0.79).
The use of either enoxaparin or UFH did not affect
VTE incidence in the three admission type groups.
For patients on UFH, VTE incidence was 7.3%
for the group of patients who were on 5000 units 12
hourly (incidence rate = 3.4 per 1000 patient-days)
and 7.6% for those who received 5000 units 8 hourly
(incidence rate = 3.6 per 1000 patient-days) (p=0.89).
Accounting for the differences between the
enoxaparin and UFH groups, Cox regression analysis
adjusted for the propensity score was performed and
showed that LMWH was associated with similar VTE
risk compared with UFH (HR, 0.95; 95% CI, 0.461.96). The HR for VTE was 2.1 (95% CI, 0.74-5.74) in
medical patients, 0.794 (95% CI, 0.24-2.62) in trauma

patients and 0.36 (95% CI, 0.05-2.64) in surgical
patients.

Other outcomes
Outcomes other than VTE are also reported in
Table 2. There were significant differences in ICU
of hospital mortalities, which were higher in the
group that received UFH for thromboprophylaxis.
The hospital LOS was significantly higher in the
enoxaparin group compared with the UFH group.
All these differences became non-significant after
adjusting for the propensity score.

Discussion
The main findings of this study were the following:
symptomatic VTE was diagnosed in 7.7% of critically
ill patients receiving a heparin for prophylaxis; there
were no differences in VTE incidence and propensity
score-adjusted VTE risk in the patients receiving
enoxaparin compared with those receiving UFH for
thromboprophylaxis.
The incidence of VTE in ICU patients has varied
in the different studies depending on the employed
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methodology and the use of thromboprophyalxis.
Earlier studies found a DVT incidence ranging between
23.6%3 and 33%2. More recently, the DVT incidence
was 9.6% when lower extremity Doppler ultrasound
was performed within 48 hours of ICU admission and
then twice weekly with all patients on VTE prophylaxis
(pharmacologic prophylaxis for 92.8% and mechanical
for the other 7.2%)4. In a large multicenter trial that
compared dalteparin with UFH and in which DVT was
diagnosed on compression ultrasonography performed
within 2 days after admission, twice weekly, and as
clinically indicated, proximal DVT occurred in 5.1%
versus 5.8%, respectively and PE in 1.3% and 2.3%,
respectively11. In the current observational study VTE,
was observed in 7.7% of patients with the incidence
being similar in the enoxaparin and UFH groups.
The AT9 VTE prophylaxis guidelines for
critically ill patients recommend using LMWH or
UFH over no prophylaxis after assessing VTE and
bleeding risks5. LMWHs and UFHs have different
characteristics. The LMWHs are obtained through
chemical or enzymatic depolymerization of the
polysaccharide chains of UFH leading to complex
mixtures of highly sulfated oligosaccharides. There
are now at least eight approved originator LMWHs
with their own international non-proprietary names,
including enoxaparin, dalteparin, nadroparin, reviparin
and tinzaparin22. Different depolmerization techniques
are used in the manufacture of these LMWHs. For
dalteparin (weight-average molecular weight= 6,000
Daltons), depolymerisation with nitrous acid leads
to 2,5-anhydromannitol residue at reducing ends.
For enoxaparin (weight-average molecular weight=
4,500 Daltons), beta-eliminative cleavage of benzyl
ester by alkaline hydrolysis results in 2-O-sulfated
uronic acid (unsaturated at the 4–5 position) at nonreducing ends13,22. These differences lead to diverse
physicochemical characteristics and antifactor Xa and
anti-thrombin activities. The antifactor Xa activity
varies from 83 to 130 U/mg among the different
LMWHs (105 for enoxaparin and 130 for dalteparin)23,
while the antithrombin activity varies from 27 to 58
U/mg. Therefore, the different LMWHs cannot be
considered the same from biochemical point of view.
Relatively small number of studies were head-tohead comparisons of two LMWHs14,24-26. Some studies
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found similar effectiveness. Tinzaparin was equally
effective as enoxaparin in VTE prophylaxis after hip
surgery in one trial24. Enoxaparin and nadroparin with
GP IIb/IIIa inhibitor therapy were found to have similar
effects on the development of major cardiac events in an
observational study of patients with unstable angina25.
A non-randomised study involving over 8,000 patients
reported that switching from nadroparin to enoxaparin
for thromboprophylaxis after major orthopedic surgery
did not compromise patient safety27. A Canadian study
investigated the therapeutic interchange of enoxaparin
to dalteparin for VTE prophylaxis in 135 patients
with acute spinal cord injury and/or major orthopedic
trauma and found that symptomatic VTE was reported
in one patient who received enoxaparin (1.6%) and
seven patients who received dalteparin (9.7%; absolute
risk difference, 8.1%; 95% CI, −0.6-15.6; p=0.103)28.
Other studies have shown differences in effectiveness.
A randomized controlled trial in patients who had
colorectal surgery for cancer found that patients treated
with nadroparin 2850 IU/day for thromboprophylaxis
had a higher incidence of asymptomatic distal DVT
compared with those receiving enoxaparin 4000 IU/
day26. Another trial in patients with non-ST-segment
elevation acute coronary syndrome found lower
incidence of the primary end point (recurrent angina,
myocardial infarction or reinfarction, or death at day
7) in the enoxaparin group (12.3% versus 21.1% in
the tinzaparin group, p=0.015)14. Hence, the US Food
and Drug Administration, World health Organization,
American College of Chest Physicians, and the
American Heart Association/American College of
Cardiology view each LMWH as a distinct medicinal
entity13,16. There are no studies that compared the
different LMWHs for thromboprophylaxis in critically
ill patients. The PROTECT trial demonstrated no
difference in proximal DVT incidence between the
dalteparin and UFH groups; however, the question
remains whether other LMWH, and in particular
enoxaparin, is more effective than UFH. Our
observational study did not show differences in VTE
incidence between enoxaparin and UFH in medical,
trauma and surgical patients. Additionally, higher
UFH dose (5000 units 8 hourly) was not associated
with lower VTE incidence than UFH (5000 units 12
hourly).
VTE acquired in the ICU may be associated with
M.E.J. ANESTH 25 (1), 2018
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morbidity and mortality. Patients with DVT had longer
duration of mechanical ventilation, of ICU stay and of
hospital stay and higher hospital mortality (56% versus
38%; p=0.04)4. In this study, patients who received
UFH had higher mortality than those who received
enoxaparin. This is likely related to the differences in
the characteristics of patients as the differences became
non-significant with propensity-adjusted analysis.
The findings of this study should be interpreted
in the light of its strengths and limitations. Strengths
include the prospective data collection. Limitations
include the study observational nature and being
conducted at a single center. Moreover, the study
was conducted between July 2006 and January 2008.
However, thromboprophylaxis options in the ICU
setting remain practically the same since then. UFH
and LMWH are most commonly used pharmacologic
agents in the ICU setting.The few number of VTE events
in this study may have led to type II error. Although
we used propensity score adjustment to reduce
biased estimates of treatment effect, the influence
of unmeasured confounders cannot be excluded.
Additionally, unlike the PROTECT trial, there were
no surveillance ultrasound performed; and VTE
diagnostic tests were only performed at the discretion
of the treating team when clinically suspected, which
may lead to under-diagnosis; however, this simulates
the day-to-day ICU care as routine DVT screening is
not recommended for most critically ill patients29,30.
Moreover, the economic effect of enoxaparin versus
UFH was not evaluated in the current study. A recent
study found similar or lower total costs associated with
the use of dalteparin than UFH31.
In conclusion, our observational study found that
enoxaparin for thromboprophylaxis was associated
with similar incidence and risk of symptomatic
VTE compared with UFH in medical-surgical ICU

Hasan M. Al-Dorzi et. al

patients. Three-times daily dosing of UFH (5000
units 8 hourly) was also associated with similar VTE
incidence compared with lower dosing (5000 units 12
hourly). However, conclusive answers these important
questions require sufficiently powered randomized
controlled trials.
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The usability of desflurane for
laparoscopic adrenalectomy in
pregnancy with Cushing’s syndrome:
a case report
Takayuki Saito, Yu Sakai, Aiko Saito,
Hiroyuki Sumikura and Eiichi Inada 1*
Abstract
Background: Laparoscopic adrenalectomy for Cushing’s syndrome during pregnancy is rare
because of infertility. Pregnant patients with Cushing’s syndrome require careful management for
mother and fetus. The usefulness of desflurane in such cases has not been previously reported.
Case presentation: Laparoscopic adrenalectomy was performed under general anesthesia
in a pregnant patient with Cushing’s syndrome. General anesthesia was relatively stable using
desflurane, remifentanil and rocuronium. Desflurane enabled early neurological evaluation with
rapid wakefulness, and no postoperative respiratory depression, nausea, nor adverse fetal effects.
Postoperative maternal and neonatal courses were uneventful.
Conclusions: General anesthesia with desflurane could be useful and safe during pregnancy.

Background
Cushing’s syndrome is rarely associated with pregnancy, as hypercortisolism prevents normal
follicular development and causes ovulatory dysfunction of up to 75%1. Although laparoscopic
adrenalectomy for Cushing’s syndrome is safe and effective, careful management of general
anesthesia is required regarding the control of vital signs, maternal muscle weakness, neurological
complications, and fetal exposure to anesthetic agents.
To our knowledge, the safety and usefulness of desflurane in laparoscopic adrenalectomy for
Cushing’s syndrome during pregnancy has not been previously reported2. In this case report, we
describe the successful use of desflurane in laparoscopic adrenalectomy in a pregnant female with
Cushing’s syndrome.

Case presentation
A 35-year-old female (G0P0, body mass index 23 kg/m2) presented with hypertension,
buffalo hump, moon face, extensive ecchymosis, emotional lability, and irritability. She was
subsequently diagnosed with Cushing’s syndrome, with a left adrenal gland tumor detected on
magnetic resonance imaging (Fig. 1).
1
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Fig. 1
Magnetic resonance images.
Left adrenal gland tumor
(27 mm diameter) in coronal
section and in transverse
section.

The patient underwent general anesthesia with
desflurane at 21 weeks gestation for laparoscopic
adrenalectomy (Fig. 2). All drugs used in this case
are considered safe for use during pregnancy by
the Australian Government Therapeutic Goods
Administration (TGA) and the U.S. Food and Drug
Administration (FDA)3,4.
After preoxygenation, rapid sequence intubation
Fig. 2
Anesthetic record. A pregnant
patient with Cushing’s syndrome
underwent general anesthesia
with desflurane for laparoscopic
adrenalectomy. The drugs used
during laparoscopic adrenalectomy
were approved by the Australian
Government Therapeutic Goods
Administration and the U.S. Food
and Drug Administration as safe for
the mother and fetus.

was performed using 0.3 µg/kg/ml remifentanil with
a 100 µg loading dose, 175 mg thiopental, and 50
mg rocuronium. Endotracheal intubation was easily
performed with a McGrath™ MAC videolaryngoscope
(Covidien, Tokyo, Japan). The patient’s vital signs
remained stable during induction, without arterial blood
pressure (ABP) elevation or regurgitation resulting
from the decreased lower esophageal sphincter tone

The usability of desflurane for laparoscopic adrenalectomy in pregnancy with Cushing’s
syndrome: a case report

caused by muscle weakness in Cushing’s syndrome.
General anesthesia was maintained with 3.5-5%
desflurane in 50% oxygen with a remifentanil infusion
of 0.15-0.5 μg/kg/min, and we confirmed intraoperative
bispectral index (BIS) values in the 40-50.
We managed the ABP at appropriate levels
intraoperatively with a few exceptions. After the
start of pneumoperitoneum, hypotension associated
with bradycardia was successfully treated with
atropine. There were occasional premature ventricular
contractions with hypertension caused by manipulation
of the adrenal gland; however after the resection,
the arrhythmia resolved immediately and the ABP
returned to previous levels without administration of
an antihypertensive agent.
We administered 20 mg of rocuronium one
injection at a time until a quantitative train-of-four
(TOF) nerve stimulator showed a TOF of 1. At the end
of surgery, the blockade was reversed with 2 mg/kg
sugammadex (TOF 3).
The patient was administered 6 µg/kg fentanyl
and 1,000 mg acetaminophen, and we performed
infiltration anesthesia with 75 mg ropivacaine was
infiltrated around the wound for postoperative
analgesia.
The patient had a rapid awakening and extubation
was performed smoothly. There were no neurological
complications, memory of intraoperative awareness,
postoperative respiratory depression, pain, nor
vomiting (which causes the intraabdominal pressure to
increase).
The perioperative fetal heart rate detected by
Doppler ultrasonography was 150 beats per minute
preoperatively, after right lateral positioning, and
postoperatively. There were no abnormalities detected
in maternal and fetal condition in the intensive care unit.

Discussion
Desflurane produced safe and stable general
anesthesia comparable to sevoflurane in a pregnant
patient. Desflurane and sevoflurane have relatively low
blood-gas partition coefficients and similar effects on
the uterus at equivalent MAC for uterine relaxation5.
Considering the effect on the fetus, it might
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be an advantage that the metabolism of desflurane
(0.02%) is less than that of isoflurane (0.17%)6. In
addition, desflurane has a lower blood-gas partition
coefficient (0.45) than sevoflurane (0.65), allowing
more rapid uptake and elimination6. Consequently,
desflurane enables more rapid return of normal muscle
coordination, clear wakefulness (which enables early
neurological evaluation), and causes less postoperative
nausea than sevoflurane7, although sevoflurane has a
superior safety rating (B2 according to the TGA, and B
according to the FDA) compared with desflurane (B3
according to the TGA, and B according to the FDA).
However, it should be noted that desflurane
can cause sympathetic stimulation, tachycardia, and
hypertension whenever the inhaled concentration is
abruptly increased by more than 1 MAC8. As in the
present case, the combination of remifentanil with
desflurane could be effective to avoid increasing the
inhalational agent concentration unnecessarily.
Pregnant patients are considered more sensitive
to inhalational anesthetics than nonpregnant patients;
they have a reduced MAC for inhalational anesthetics
by 28% during the first trimester9. However, the
limitations of this case include the BIS monitoring; the
low estimated values of BIS under general anesthesia
via desflurane with remifentanil infusion could not
be completely credible10. We might usually manage
general anesthesia with a higher concentration of
desflurane in the range of stable hemodynamics,
although the present patient had no intraoperative
awareness.

Conclusion
We successfully managed general anesthesia
using desflurane during laparoscopic adrenalectomy
for Cushing’s syndrome in a pregnant patient, without
any maternal or fetal complications. Desflurane could
play a valuable role in surgery for pregnant patients.
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CASE REPORTS

Misplacement of an esophageal
temperature probe
Alia Dabbous1, Mohamad El Ghoul2
and M ohammad I brahim 21*

Abstract
Esophageal temperature monitoring is a form of core temperature measurement frequently
used to monitor intraoperative hypothermia. It can prevent overheating and facilitate detection
of malignant hyperthermia. The misplacement of an esophageal temperature probe into the
tracheobronchial tree during lung lobectomy surgery can impose serious concern on patient safety.
Esophageal temperature monitoring should be reconsidered in thoracic surgery. Safety measures
should be taken when used.

Introduction
Core temperature measurement during surgery that lasts more than thirty minutes under
general anesthesia (GA) is considered standard of care1. Esophageal temperature monitoring is
used, because of its high accuracy and ease of insertion1. Reports emerged, as early as, 1972
of nasogastric tubes being placed in the tracheobronchial tree and later esophageal temperature
probes2-6. We report the intrabronchial misplacement of a temperature probe in a patient undergoing
left lung lower lobectomy surgery, as well as, a review of the literature and a summary of alternative
tools for perioperative temperature monitoring.

Case Report
A 66 year-old-male patient known to have long standing controlled diabetes mellitus
and hypertension presented for left lower lung lobectomy, after an incidentally found contrast
enhancing lesion in the left lower lobe. The lung lesion was found on a computed tomography (CT)
scan of the chest and abdomen done to screen for distant metastasis of prostate cancer. The CT
scan showed a normal anatomy of the tracheobronchial tree and no hilar adenopathy. Preoperative
bronchoscopy was completely normal and no endobronchial lesion was found. General anesthesia
was induced and, facilitated by the use of rocuronium a 37 Fr left double lumen tube was inserted,
tracheal and bronchial cuffs were inflated, following which the tube position was checked and
confirmed using fiberoptic bronchoscopy. The lungs were mechanically ventilated to maintain an
1
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end-tidal carbon dioxide pressure of 30-35 mm Hg.
Peak inflation pressure (PIP) was 16 cm water at that
moment. A 9-Fr, 75-cm-long thermal probe (model
no. M1024229 General Purpose Temperature Probe,
Disposable, 9 French, 400 Series, GE Healthcare
Finland oy) was lubricated with aqueous jelly, inserted
nasally and blindly advanced for approximately 30
cm into the esophagus. No tracheal tube cuff leakage
was detected and airway pressure remained constant.
The first temperature reading obtained was 36 degree
Celsius. Surgery started after positioning the patient
in the left lateral decubitus position and clamping
the bronchial cough, double lumen tube was checked
again before incision using fiber optic bronchoscopy.
No foreign body was detected at this stage. A forced
air warming system, in addition to fluid warmer were
used during surgery. Temperature varied throughout
the surgery between 35-36.5 degree Celsius. No
major temperature swift changes were detected. PIP
minimally increased during one lung ventilation.
Surgery proceeded uneventfully and after dissection,
the bronchus was stapled. A foreign material was
noticed and upon careful examination, it was identified
as the temperature probe which was transected with the
bronchus. The specimen was removed and the ligature
was opened to allow withdrawal of the temperature
probe and the proximal stump was ligated after copious
irrigation. The trachea was extubated at the end of the
surgery and follow up visits showed no post operative
complications.

Discussion
Inadvertent hypothermia is by far the most
common perioperative thermal disturbance during
anesthesia7. Hypothermia affects the whole organ
body system. It impairs coagulation, contributes to
wound infection, increases blood loss, increases blood
pressure, heart rate and plasma catecholamine level thus
increasing morbidity7. Core temperature measurement
during surgery that lasts more than thirty minutes
under general anesthesia (GA) is considered standard
of care1. Esophageal temperature monitoring is used
worldwide to continuously monitor core temperature
because of its ease of use and high accuracy1. A well
known limitation of this tool is that the respiratory
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Fig. 1
Specimen with transected temperature probe

gas flow may significantly perturb temperature
reading especially in infants, children and cachectic
adults, where the tissue plane between the trachea
and esophagus is thin8. Misplacement of esophageal
temperature probe into the tracheobronchial tree has
been previously reported6.Esophageal temperature
probe is often accompanied with an esophageal
stethoscope that must be positioned to the distal tip of
the esophagus where the heart sounds are the loudest
to get accurate temperature reading1. Tympanic and
nasopharyngeal sites can be used to assess body core
temperature taking into consideration their limitations1.
The external auditory canal must be sealed by the probe.
As a result of difficulties associated with obtaining
appropriate sized thermistors and based on report of
tympanic membrane perforation its usage has waned
recently8. Also, nasopharyngeal temperature becomes
inaccurate when used with uncuffed endotracheal
tubes, or in the presence of air leak, mainly because
of gas cooling the probe1. Another limitation is nose
bleeds especially in children with large adenoids8.
Axillary and other reported temperature monitoring

Misplacement of an esophageal temperature probe

sites such as skin or foley catheters are unreliable for
measuring core temperature1.
The incident we had at our institution is of special
interest because it happened during lobectomy surgery.
Had the surgeon not examined the resected lung, that
could have led to missing a foreign body in the suture
line and further possible damage to lung while trying to
remove the probe at the end of the surgery. Moreover,
any late discovery of the foreign body postoperatively
would have led to a risk of reoperation. It is important
to notice how easy such complications can be missed
or underestimated during surgery, especially that we
had no temperature or ventilation disturbances and,
fiberoptic bronchoscopy done twice was normal.
To avoid such a possible complication, passing
the temperature probe under direct visual guidance

119
using direct or video assisted laryngoscopy would be
safer and more accurate. Esophageal stethoscope can
also be used to ensure the placement of the probe at
the distal third of the esophagus where the heart sound
is loudest. Anesthesiologists should assume an active
role in ensuring patient safety9.

Conclusion
We suggest a thorough discussion between the
cardiothoracic surgeon and the anesthesiologist to
balance the need of a core temperature monitor in the
presence of possible detrimental complications. Both
the surgeon and the anesthesiologist should follow
patient safety practices, to prevent or diminish adverse
events and patient harm.
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Airway Compression Induced by
Transesophageal Echocardiography
Probe Insertion in an Adolescent
Patient during Mitral Valve Replacement
and Aortic Valve Repair
Carine Zeeni, Eliane El Halabi
and S ahar M. S iddik -S ayyid 1*

Transesophageal echocardiography (TEE) is used in cardiac surgery to assess valvular disease
surgical repairs, ventricular function, and wall motion abnormalities. Complications associated
with probe insertion such as obstruction of the tracheobronchial tree or endotracheal tube has
been described in pediatric population1-3 and in few adult patients4-6. Here, we report the case of
a 19-year-old adolescent male patient (weight 46 kg, height 168cm) with rheumatic heart disease
who underwent mitral valve replacement and aortic valve repair, and developed intraoperative left
mainstem bronchus compression resulting in lung collapse probably caused by the TEE probe.
The preoperative transthoracic echocardiography showed moderate mitral stenosis and severe
regurgitation, thickened and calcified anterior and posterior mitral valve leaflets with significant
restrictive motion, severely dilated left atrium and left ventricle, in addition to mild to moderate
aortic insufficiency. The left ventricular systolic function was mildly to moderately reduced and
the estimated pulmonary artery systolic pressure (PAP) was 45 mmHg. The electrocardiogram
revealed a normal sinus rhythm and a chest X-ray (CXR) showed clear lung fields.
In the operating room, the oral endotracheal tube (ETT, 7.0-mm internal diameter) was taped
at the 20-cm mark at lips, and its position was confirmed by auscultation. A 17-mm adult multiplane
adult TEE probe (Philips Ultrasound, X7-2t, Bothell, WA) was introduced after several attempts
under direct laryngoscopic visualization. No major changes in endtidal CO2, capnograph wave, or
peak airway pressures were noted, and oxygen saturation remained in the normal range on 100%
oxygen. After median sternotomy, the surgeon noticed that the left lung was completely collapsed
while the right lung was expanding properly. Lung recruitment maneuvers and ETT suctioning
were done to no avail.
During hypothermic cardiopulmonary bypass (CPB) and cold cardioplegic arrest, the TEE
probe was removed in order to perform a direct laryngoscopy and check if the tube had inadvertently
been advanced into the right mainstem bronchus during probe manipulation. Furthermore a
fiberoptic bronchoscopy was done revealing adequate positioning of the ETT with very mild
narrowing of the left mainstem bronchus. While still on pump and upon surgical completion the
TEE probe was reinserted with some difficulty, and examination confirmed adequate aortic valve
repair and mitral valve replacement.
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Prior to weaning from CPB, alveolar recruitment
maneuvers were performed, but the left lung remained
collapsed. The TEE probe was removed after chest
closure, followed by another fiberoptic bronchoscopy
showing the same findings as the previous exam.

positive pressure ventilation and muscle relaxation. At
no time was lung ventilation done on an open chest
without the TEE probe in place; however, left lung
reexpansion after removal of the TEE probe, as shown
in the postoperative CXR supports our hypothesis.

The patient was transferred intubated to the
intensive care unit on controlled mechanical ventilation
with an oxygen blood saturation of 100%.

Case reports of compression at the level of left
mainstem bronchus by the TEE probe have been
limited to small pediatric patients2,3, but none have been
described in older adolescents. Of note, intraoperative
bronchoscopy was not immediately performed when
left lung collapse was noted and the TEE was in place.
Such an intervention would have allowed us to directly
visualize the left mainstem bronchus obstruction by
the TEE probe and its reversal when the TEE probe
was removed. As a result, a definitive diagnosis
could have been established. However, this was not
in our differential diagnosis during the intraoperative
management.

An immediate postoperative CXR revealed
re-expansion of the left lung with some atelectatic
changes in the left lung base. The patient was extubated
five hours later and the postoperative course was
uneventful.
In our patient, the left mainstem bronchus
had slight narrowing (unknown preoperatively), as
shown by bronchoscopy, probably due to extrinsic
compression by the dilated pulmonary arteries and the
enlarged left atrium. We speculate that it was further
compressed by the TEE probe that was difficult to
insert in the esophagus (though size is appropriate for
patient’s weight), thus leading to left lung collapse.
Additionally, this was likely to be aggravated by the
increased dynamic compression of the airway by
the enlarged cardiovascular structures in response to

In conclusion, this case demonstrates that
we should be alert to the possibility of inadvertent
compression of the left mainstem bronchus by the
TEE probe in adolescent patients undergoing cardiac
surgery, in particular with enlarged cardiovascular
structures.
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