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Does desflurane need more irrigating-pump
pressure for the visibility in arthroscopic shoulder
surgery than sevoflurane?
Da Joeng Nam1, Sung Hoon Kim2, Sang Hoon Park2, Haeyeon Lee1,
Bo Bae Kang1, and Jae Ho Lee1
Departments of 1Anesthesiology and Pain Medicine, 2Orthopedic Surgery, National Health
Insurance Service Ilsan Hospital, Goyang, Korea

Background: In arthroscopic shoulder surgery, a mechanical fluid-irrigation system is
used to wash out blood from the joint. If used at high pressure, it can cause side effects such as fluid extravasation, leading to airway obstruction after surgery. Desflurane
is prone to increasing sympathetic nerve activity and plasma catecholamine release
more than another inhalation anesthetics. The objective of this study was to determine
whether desflurane could increase in the irrigation pump pressure than sevoflurane in
shoulder arthroscopy.
Methods: Patients were randomized into a sevoflurane group (group S) and a desflurane group (group D). Each included 20 patients. For group S, sevoflurane 1.2 MAC and
intravenous remifentanil were administered for anesthesia maintenance. Group D received desflurane 1.2 MAC and intravenous remifentanil. Starting at 20 mmHg of pump
pressure, the surgeon estimated the visibility of the surgical field (grade I–IV). After that,
the pressure was freely adjusted by the surgeon to obtain clear vision with the arthroscope during the surgery.
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Results: The maximum pressure of the mechanical water pump was higher in group D
than group S (54.0 ± 6.8 mmHg vs. 48.9 ± 5.7 mmHg, P = 0.017), but the difference
was not statistically significant at a significance level of 0.01. The arthroscopic visibility
at the surgical site did not differ significantly between the two groups (P = 0.284).
Conclusions: When desflurane is used in arthroscopic shoulder surgery, it does not
require more pressure from the irrigating-fluid pump to secure a clear vision of the surgical site, compared to sevoflurane.
Keywords: Arthroscopy; Desflurane; Pressure; Sevoflurane; Shoulder joint; Therapeutic
irrigation.

INTRODUCTION

surgery with an arthroscope, a mechanical fluid-irrigation
system (irrigation pump, as below) is used to produce adequate joints distension and wash out blood and cell debris

In shoulder surgery, arthroscopic procedures are popular

from the joint space [3].

and widely used because they enable a smaller incision, less
tissue injury, a wider surgical field, less postoperative pain

Although, an irrigation pump can efficiently provide a clear

and potentially faster recovery [1,2]. To achieve successful

surgical vision, if used with extra-ordinary high pressure or
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for longer periods than expected, it can cause a number of

method into two groups, sevoflurane group (group S) or des-

deleterious side effects, including compartment syndrome,

flurane group (group D). Each group had 20 patients.

synovial pouch rupture, and fluid extravasation [4,5]. Among

In the operating room, all patients were monitored by

them, fluid extravasation is an uncommon side effect in

means of electrocardiography, non-invasive blood pressure,

arthroscopic shoulder surgery using an irrigation-pump sys-

pulse oximetry, and a bispectral index (BIS) electrode on the

tem, but fluid can be extended through the carotid space and

forehead and baseline data were recorded. Before induction

consequently can cause an airway obstruction after surgery,

of anesthesia, patients breathed 100% O2 for two minutes.

which can be a fatal complication. A number of studies have

Anesthesia was induced with 1.5 mg/kg intravenous propofol

reported this side effect [6–8]. To prevent extravasation, an

and continuous infusion of remifentanil (Ultian, Hanrim, Ko-

irrigation pump should be maintained at as low a pressure as

rea) at 3 ng/ml on effector-site mode with a target-controlled

possible, which can be achieved by a proper block of surgical

infusion system (TCI, Base Primea, Fresenius Kabi, Germany).

stimulus and bleeding at the articular space.

After loss of consciousness, patients were ventilated manually

Desflurane can allow fast induction and emergence from

using a face mask 1.2 MAC either with sevoflurane (SojournTM,

anesthesia [9]. However, some studies have reported that

Piramal critical care, USA) or desflurane (Suprane, Baxter,

desflurane can increase sympathetic nerve activity, and

USA) in 100% O2. A dose of 0.6 mg/kg rocuronium was used

plasma catecholamine release more than other inhalation

to facilitate endotracheal intubation. Anesthesia was main-

anesthetic agents [10,11]. High level of plasma catecholamine

tained with FiO2 0.4 mixed with medical air with total flow 2

is associated with increased blood flow in several tissues and

L/min and sevoflurane or desflurane. Ventilation was con-

stimulates fibrinolytic activity [12–16]. Therefore, during ar-

trolled using an anesthesia machine (Aisys, Datex-ohmeda,

throscopic surgery, desflurane may theoretically cause more

USA) to maintain end-tidal CO2 (EtCO2) level between 35–40

bleeding in articular spaces and may need a higher irrigation-

mmHg. Remifentanil was infused by a TCI pump to keep the

pump pressure to achieve clear vision in the surgical site than

BIS value below 40 during the whole period of operation and

with other inhalation agents.

the total amount was recorded.

We hypothesized that desflurane could cause an increase

Patients were positioned laterally with the shoulder to be

in the required irrigation pump pressure compared to sevo-

operated on exposed on top. For group S patients, sevoflu-

flurane during shoulder surgery under arthroscopy. Thus, the

rane 1.2 MAC (end-tidal concentration 2.0–2.2 vol%) and

objective of this study was to test this hypothesis.

intravenous remifentanil with TCI were administered for
anesthesia maintenance. For group D patients, desflurane 1.2

MATERIALS AND METHODS

MAC (end-tidal concentration 7.0–7.4 vol%) and intravenous
remifentanil with TCI were administered. No other methods

This study was a single-center, prospective, randomized,

were used to reduce blood pressure for improvement of sur-

double-blind clinical trial. The study protocol was approved

gical site visibility. In the event of hypotension (< 80 mmHg in

by our Institutional Review Board (no. NHIMC 2018-02-007).

systolic blood pressure) or in marked bradycardia (< 45 beats

Written informed consent was obtained from all patients. Pa-

per minute), intravenous ephedrine 4–12 mg was injected.

tients undergoing elective, unilateral rotator cuff repair sur-

A shoulder arthroscope connected to a water pump inflow

gery under general anesthesia without brachial plexus nerve

tube was inserted at the glenohumeral joint. Then the me-

block were eligible for participation. All patients were under

chanical irrigation-pump (Synergy®, Arthrex, Germany) was

age 75 with American Society of Anesthesiologist classifica-

started at 20 mmHg pressure to inflate the joint space with

tion I–II. Exclusion criteria were uncontrolled hypertension,

0.9% saline solution. The surgeon then estimated the visibility

a history of myocardial infarction, cerebral ischemia, cerebral

of the surgical field (Grade I: excellent, Grade II: good, Grade

hemorrhage and acute or chronic renal failure and abnor-

III: reasonable, Grade IV: poor) [16,17]. Subsequently, the

mal blood coagulation profile (prothrombin time, activated

pressure was freely adjusted by the surgeon to obtain clear

partial thromboplastin time and platelet count) at preopera-

vision with the arthroscope during the surgery. The attending

tive test. Patients were randomized via concealed enveloped

anesthesiologist recorded the maximum pressure used dur-
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ing the operation. The same surgeon performed every opera-

pulse rate in each period were analyzed by repeated mea-

tion without knowing the patients’ assignment.

sures ANOVA with the Bonferroni correction after normality test. And after sphericity testing, we used Greenhouse–

mum pressure of the water pump needed to achieve the

Geisser test. Other nominal variables (arthroscopic visibility,

clearest vision of the surgical site during the entire operation.

ephedrine use) were analyzed by chi-square test or Fisher’s

The second set of end points were surgical field visibility at

exact test. A P < 0.01 was considered statistically significant.

the beginning of surgery and the systolic and diastolic blood

RESULTS

pressure and heart rate at start of surgery, and 20, 40, and 60
min after that. We also collected surgical time, amount of infused remifentanil, and the use of ephedrine.

One patient in group S was excluded because the sched-

A sample size collection was calculated by a pilot study.

uled arthroscopic repair of a torn rotator cuff had changed

Ten patients were enrolled, and five randomly assigned to

into open repair with autonomous ligament transplantation.

each group. Anesthetic induction and maintenance were

No patient complained with symptoms of airway obstruction

conducted with the above parameters and methods. The

after the operation.

primary end point, maximum water-pump pressure, was

There were no significant differences between the groups

collected. For group S patients, mean and standard deviation

in demographic data, total amount of remifentanil dose, sur-

of the pressure was 40.0 ± 10.0 mmHg. For group D patients,

gical time or ephedrine use between the two groups (Table 1).

it was 54.0 ± 9.0 mmHg. Thus, we calculated the sample size

The maximum pressure of the mechanical water pump was

as a total of 40 (20 per group) at significance level of 0.01, and

higher in group D than group S (54.0 ± 6.8 mmHg vs. 48.9 ± 5.7

power of 90% including the assumption of 20% drop-out rate.

mmHg, P = 0.017, Table 2), but the difference was not statisti-

All data were analyzed with SPSS 21.0 software package for

cally significant at a significance level of 0.01. Furthermore,

Windows (IBM Co., USA). Demographic data in continuous

the arthroscopic visibility at the start of surgery did not differ

form, the maximum pressure of the water pump, surgical

significantly between the two groups (P = 0.284, Table 2).

time and the total dosage of remifentanil were analyzed by

Systolic blood pressure, diastolic blood pressure and pulse

an independent t-test. Systolic and diastolic pressure and the

rate in both groups showed a decrease over time (P < 0.001).

Table 1. Demographic Data
Variables
Sex (M/F)
Age (yr)
Height (cm)
Weight (kg)
Prothrombin time (s)
Activated partial thromboplastin time (s)
Platelet count (×103/µl)
Remifentanil dose (µg)
Surgical time (min)
Ephedrine use

Group S (n = 19)

Group D (n = 20)

P value

7/12
62.3 ± 8.4
159.3 ± 7.8
63.4 ± 11.7
10.8 ± 0.5
24.5 ± 2.2
222.4 ± 48.2
686.6 ± 284.4
115.0 ± 28.3
4

9/11
62.5 ± 6.7
162.5 ± 9.8
64.9 ± 7.7
10.7 ± 0.6
25.2 ± 3.1
249.1 ± 75.9
631.8 ± 274.7
95.8 ± 32.8
3

0.113
0.956
0.271
0.641
0.412
0.420
0.201
0.544
0.058
0.695

Group S (n = 19)

Group D (n = 20)

P value

10/5/4/0
48.9 ± 5.7

5/7/7/1
54.0 ± 6.8

0.284
0.017

Values are presented as number of patients or mean ± SD.
Table 2. Visibility and Pressure of Water Pump

Arthroscopic visibility
Grade I/II/III/IV
Maximum pressure of irrigation pump (mmHg)
Values are presented as number of patients or mean ± SD.
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The primary end point of this study was to find the maxi-
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However, these parameters were not significantly different

on the neuroendocrine effects of surgery with desflurane.

between the two groups (P = 0.955, P = 0.709, P = 0.682, re-

Marana et al. [11], reported that plasma adrenaline and nor-

spectively, Fig. 1–3).

adrenaline concentrations were higher in desflurane treated
patients than those that received sevoflurane during and

DISCUSSION

immediately after laparoscopic pelvic surgery. They found
that compared to sevoflurane, the desflurane group showed

In this study, the maximum irrigation pump pressure in

higher serum adrenaline and noradrenaline 30 min after the

shoulder arthroscopy was not different between the two

start of surgery and 30 min following completion of surgery.

groups. The desflurane group on average needed higher

Leung and Pastor [10], compared the effects of desflurane

pressure than the sevoflurane group, but it was not different

and isoflurane on plasma catecholamine level in patients un-

statistically (P = 0.017).

dergoing major non-cardiac surgery. They also showed that

In the literature, there are studies which have focused

plasma norepinephrine level was higher in the desflurane
group, 1, 5, and 10 min after tracheal intubation and plasma
epinephrine level was statistically higher 1 min after tracheal

160

intubation in the desflurane group than the isoflurane group.

Sevoflurane
Desflurane

150

High levels of plasma epinephrine are associated with
increased blood flow due to reduced vascular resistance in

SBP (mmHg)

140

several tissues and increased fibrinolytic activity. Bading et

130

al. [12], reported that epidural anesthesia with epinephrine

120

infusion was associated with a 3.5-fold reduction in calf vas-

110

cular resistance and an increase in calf blood flow of 170%.

100

By contrast, epidural anesthesia with norepinephrine was

90
Baseline

associated with no change in calf vascular resistance but, a
Start

20

40

60

adrenergic activity was responsive in the skeletal muscle even

Time (min)

Fig. 1. Systolic blood pressure (SBP) at time schedule. Baseline, surgical start, 20, 40, and 60 min after surgical start. Values are presented
as means ± SD. There were no differences between two groups in systolic pressure (P = 0.955).
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Fig. 2. Diastolic blood pressure (DBP) at time schedule. Baseline, surgical start, 20, 40, and 60 min after surgical start. Values are presented
as means ± SD. There were no differences between two groups in diastolic pressure (P = 0.709).
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after cardiac β receptors were down-regulated in the elderly.

Pulse rate (beats/min)

Sevoflurane
Desflurane

90

50
Baseline

1.4-fold reduction in calf blood flow. They concluded that β

Fig. 3. Pulse rate at time schedule. Baseline, surgical start, 20, 40, 60
min after surgical start. Values are presented as means ± SD. There
were no differences between two groups in pulse rate (P = 0.682). At
the start of surgery, pulse rate of desflurane group was slightly higher
than sevoflurane group. But, statistically, there were no differences between groups in pulse rate (P = 0.682).
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Another study reported that epinephrine can attenuate

plications ranges from 2 to 5%, including nerve palsy, local

the activation of coagulation and increase activation of the

infection, and arthritis, articular cartilage damage, rotator

fibrinolytic system [14,15]. Based on these studies, it seems

cuff tear, and extraarticular fluid leakage [4,6–8].
Among these, the extraarticular leakage of fluid, commonly

inhalation anesthetics would produce more blood flow and

into the deltoid muscle and chest cavity, is a well-recognized

fibrinolytic activity in surgical fields because of elevated plas-

complication [18], although typically it is a clinically insignifi-

ma epinephrine level.

cant symptom and is reabsorbed within 12 h [6]. Sometimes

Therefore, we hypothesized that patients anesthetized with

however, a significant amount of fluid can extend through

desflurane in arthroscopic shoulder surgery, would have

the carotid space to the paratracheal space resulting in criti-

increased muscular blood flow and fibrinolytic stimulation

cal airway obstruction. Several articles have reported this

due to sympathetic nerve system activation, especially epi-

life-threatening complication [6–8]. The risk factors for this

nephrine. Thus, it might cause more bleeding in the articular

complication are increased joint irrigating-pump pressure,

system. Consequently, greater pressure from the irrigation

obesity, duration of the arthroscopic procedure, and arthros-

pump might be needed to clarify the cloudy fluid in the ar-

copy within the subacromial space, because this space is not

ticular space. However, we failed to uncover any difference in

closed within the capsule [7]. However, the critical value for

irrigating pump pressure between the desflurane group and

irrigating pressure and length of surgery, remain unclear.

the sevoflurane group.

This study has limitations. First, we did not measure

Several possible explanation for our findings suggest them-

plasma catecholamine level during surgery and compare

selves; first, according to prior studies, epinephrine would

between the two groups. Second, hopefully, if we could quan-

produce an increase in blood flow and fibrinolytic activity

titate the degree of accumulation of free water around the

via β adrenergic receptors but norepinephrine would not.

trachea or carotid space after surgery, we could figure out the

Unfortunately, we did not evaluate serum catecholamine

risk of the arthroscopic shoulder surgery directly.

level, but we think that co-elevated norepinephrine and

In conclusion, patients anesthetized with desflurane in

other α-agonists would interrupt the effects of epinephrine.

arthroscopic shoulder surgery do not need greater irrigating

Second, the concurrently used remifentanil could block the

fluid pump pressure than those anesthetized with sevoflu-

hemodynamic effects of elevated catecholamine caused

rane in order to secure a clear vision of the surgical site.

by desflurane. According to Leung and Pastor [10], despite
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