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Introduction. For surgery on the upper extremity, the anaesthetist often has a choice between regional anaesthesia (RA) and general
anaesthesia (GA). We sought to investigate the possible differences between RA and GA after upper extremity surgery with regard
to postoperative patient comfort. Methods. This is a retrospective observational study that was performed at an acute care secondary
referral centre. One hundred and eighty-seven procedures involving orthopaedic surgery on the upper extremity were included.
The different groups (RA and GA) were compared regarding the primary outcome variable, length of stay in Postanaesthesia Unit,
and secondary outcome variables, opioid consumption and nausea treatment. Results. RA was associated with significantly shorter
median length of stay (99 versus 171 minutes). In the GA group, 32% of the patients received opioid analgesics and 21% received
antiemetics. In the RA group, none received opioid analgesics and 3% received antiemetics. Conclusion. In this observational study,
RA was superior to GA for surgery of the upper extremity regarding Postanaesthesia Care Unit length of stay, number of doses of
analgesic, and number of doses of antiemetic administered.

1. Introduction

Regional anaesthesia (RA) is used more commonly than
general anaesthesia (GA) for surgery on the lower extremity
[1]. RA is believed to be associated with less postoperative
pain, less resource utilisation in the PACU (Postanaesthesia
Care Unit), and fewer complications.

There is not a similar preference for RA in surgery of the
upper limb [2, 3].

However, for surgery on the upper extremity, RA has
gained popularity during recent years, probably depending
on increase in ultrasound (US) availability [2-4].

The brachial plexus is the dominant type of RA used for
surgery on the upper extremity. There are a number of dif-
ferent methods of brachial plexus block (interscalene, supr-
aclavicular, infraclavicular, and axillary) and also different
methods to ensure deposition of local anaesthetics in prox-
imity to the nerves (anatomical landmarks, nerve stimulator,

and/or US). It is possible that this heterogeneity of techniques
has hampered the development of a general recommendation
on anaesthetic preference for surgery of the upper extremity
1, 5].

RA is an attractive alternative to GA since it can be asso-
ciated with less perioperative resource utilisation [1, 5]. The
risk of perioperative complications is generally considered to
be lower with RA as compared to GA [1, 5-7].

It has been shown that RA decreases postoperative pain
and time spent in the PACU after hand and shoulder surgery
[8-11]. There is less consensus regarding the rate of compli-
cations associated with different brachial plexus approaches
[2-4, 7]. Tt is likely that such information, even if it is found,
is outdated due to the fast development of the US-guided
technique [2-4].

Most studies comparing RA with GA for upper limb
surgery are conducted in specialised clinics. Thereby, it is
uncertain if the results may be applied to larger, nonspecific
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units with a bulk of other cases, a mix of urgent and elective
procedures, and with a proportion of the physicians in
training.

Despite the recent advancements in techniques for RA,
postoperative pain and nausea continue to be a major pro-
blem [12]. Resource utilisation (PACU LOS (length of stay)
and opioid and antiemetic consumption) may reflect the
wellbeing of patients.

We wanted to explore the impact of the choice of anae-
sthesia (RA versus GA) on resource utilisation in the PACU.

2. Methods

Ethical approval for this study (2014/396-31) was provided by
the Regional Ethics Review Board (Etikprovningsnamnden
Umed, Samverkanshuset, 901 87 Umed, Sweden). Due to
the observational design of the study and no handling of
sensitive data, this study did not require informed consent
from participants.

This is a retrospective case control study. Our hospital
has 10 theatres with mixed cases from all surgical specialties
except neurosurgery and thoracic surgery. A total of 8000
procedures are performed annually. The anaesthetists per-
form all types of anaesthetics, in addition to intensive care.
All the RAs and GAs in this study were done in a setting
where all physicians, including residents, rotate between all
the different positions. No personnel knew of the study at the
time of the anaesthesia. Our PACU is open weekdays from
07.00 to 21.00 and takes care of the patients until they are
ready to go home (outpatients) or to the ward (inpatients).

A power calculation based on 100 minutes in the PACU
for the RA group and 150 minutes for the GA group, 80
minutes standard deviation, power 80%, and level of signif-
icance 0.05 revealed that a sample size of 41 in each group
was sufficient.

We included all patients in our department that had
orthopaedic surgery done on or distal to the elbow from
January 1 to June 30, 2012, that were 21 years or older. We
did not include cases operated on during on-call hours. Other
exclusion criteria were concomitant surgical procedures not
on the upper extremity during the same operation, patients
not planned for PACU admission after the surgery, or those in
which a combination of RA and GA was planned beforehand.
If the same patient had more than one procedure on the
upper extremity during the study, all such procedures were
registered as separate cases. Patient characteristics and all
other relevant information were collected from the medical
records database.

Two groups were identified to categorise the patients.

(1) General anaesthesia (GA), defined as anaesthesia with
the use of an endotracheal tube or a supraglottic
laryngeal mask. Induction and maintenance of anaes-
thesia was performed with propofol or thiopental and
sevoflurane. Perioperative pain control was achieved
with fentanyl, alfentanil, and/or morphine.

(2) Regional anaesthesia (RA), defined as a brachial ple-
xus block with local anaesthetics. Ropivacaine was the
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drug used in almost all cases. Sedation with mida-
zolam or propofol was given in some of these cases.

Almost all patients in the GA group and none in the
RA group received local anaesthetics in the surgical area in
conjunction with the above-described strategy.

The outcome variables were

(i) PACU length of stay,

(ii) number of doses of opiates given in the PACU, defi-
ned as an occasion with intravenous administration
of morphine, ketobemidone, alfentanil, or fentanyl,
regardless of the choice of drug and dose,

(iii) Number of doses of antiemetics given in the PACU,
defined as an occasion with intravenous administra-
tion of haloperidol, granisetron, ondansetron, beta-
methasone, or metoclopramide, regardless of the
choice of drug and dose,

(iv) Regional anaesthesia performed in the PACU (“res-
cue RA”), defined as a brachial plexus or other con-
duction block during the time spent in the PACU,

(v) Unplanned overnight admission to the hospital post-
operatively.

Other collected data were ASA-class, duration of the sur-
gical procedure, age, planned out- or inpatient surgery and
type of surgery (fracture or no fracture surgery).

2.1. Statistical Analysis. Median and interquartile range (ICR)
or mean and confidence interval (CI) were used to describe
the parameters. For comparison between groups, we used
the Mann-Whitney or ¢-test as appropriate. For comparison
of binary variables, Fischer’s exact test was used. The eight
patients with failed RA (that had a GA in addition) are
included in the RA group in order to perform an intention
to treat analysis (ITT).

A multiple linear regression was performed on the pri-
mary outcome (PACU length of stay), looking at the possibly
independent variables RA/GA, age, sex, time of surgery, and
fracture/no fracture.

3. Results

Figure 1 shows how the study groups were defined. 187
patients were included, 87 in the group RA and 100 in the
group GA.

The RA group was significantly older (p > 0.001), of a
significantly higher ASA-class (p = 0.023), and had alonger a
duration of surgery (p = 0.029) than the GA group, but there
was no difference in proportion of planned outpatient surgery
or proportion of fracture surgery (Table 1).

The primary outcome variable, PACU length of stay, was
significantly shorter after RA than GA (Table 2).

The secondary outcome, administration of opiates and
antiemetics, differed significantly between the two groups
(Table 2).

Thirteen patients (13%) in the GA group had rescue RA in
the PACU and ten (10%) were converted from planned out-
patient to inpatient surgery (Table 2).
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| 196 patients |

| 187 eligible patients |

| 9 planned combination GA/RA

\

87 regional anaesthesia
(out of which 8 failed RA that needed GA)

100 general anaesthesia

FIGURE 1: CONSORT-diagram illustrating the study. The 8 patients with failed RA that needed unplanned general anaesthesia was still
included in the RA group for an intention to treat analysis.

TABLE 1: Demographics and study variables in the two groups.

RA GA p
n 87 100 —
Sex (male, %) 47 45 0.883
Age (years, median, IQR) 60 (54-70) 54 (33-63) <0.001
ASA (mean, CI) 1.80 (1.66-1.95) 1.59 (1.47-1.71) 0.023
Outpatient (%) 80 77 0.381
Duration of surgery (minutes, median, IQR) 87 (59-117) 74 (42-105) 0.029
Fracture surgery, yes/no 44% 39% 0.309
ASA, American Society of Anesthesiologists.
TABLE 2: Outcome in the two groups.
RA GA p
n 87 100 —
PACU LOS (minutes, median, IQR) 99 (70-136) 171 (115-251) <0.001
Opiates in PACU, yes/no 0 32% <0.001
Opiates, mean number of doses in PACU 0 0.53 na
Antiemetics in PACU, yes/no 3% 21% <0.001
Antiemetics, number of doses in PACU 0.04 0.44 <0.001
Rescue block in PACU, yes/no 13% <0.001
Unplanned stay overnight 10% 0.002
PACU, Postanaesthesia Care Unit. LOS, length of stay. Na, not applicable.
A multiple regression analysis revealed that independent TaBLE 3: Multiple regression on PACU-time.
factors significantly associated with PACU LOS were RA/GA, - -
fracture surgery, and duration of surgery but not age or sex Cocfficient of regression P
(Table 3). Age -0.06 0.32
This multiple regression also suggested looking closer at Sex 0.01 0.82
the group that had surgery in relation to a fracture, since this Fracture surgery (yes/no) 0.33 <0.001
factor also was related to a longer time spent in the PACU. Duration of surgery 0.15 0.025
A univariate subgroup analysis showed that, in cases with RA/GA (yes/no) 0.46 <0.001

intended RA, the difference in PACU LOS between fracture
and nonfracture cases was small (109 versus 94 minutes).
The GA group on the other hand doubled their PACU LOS
(248 versus 124) (Table 4) if their surgery was in relation to a
fracture.

Table 5 demonstrates that in the case of an intended
RA other procedures related parameters do not matter that

RA, regional anaesthesia. GA, general anaesthesia. PACU, Postanaesthesia
Care Unit.

much. On the other hand, for cases where GA was intended,
duration of surgery and fracture/nonfracture surgery were
both markedly related to PACU LOS.
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TaBLE 4: Univariate analyses within the subgroups RA/GA concerning fracture surgery or not.
RA (n = 87) GA (n = 100)
Fracture (n = 38) No fracture (n = 49) p Fracture (n = 39) No fracture (n = 61) P
PACU LOS (min) 109 (80-149) 94 (61-121) 0.057 248 (186-300) 124 (102-180) < 0.001
Median (IQR). PACU, Postanaesthesia Care Unit. LOS, length of stay.
TABLE 5: Multiple regressions on PACU length of stay for subgroups RA and GA.
RA (n=87) GA (n=100)
Coefficient of regression p Coefficient of regression P
Age 0.09 0.45 -0.09 0.28
Sex 0.13 0.25 -0.07 0.41
Duration of surgery -0.04 0.73 0.25 0.01
Fracture surgery (yes/no) 0.25 0.03 0.42 <0.001

PACU, Postanaesthesia Care Unit. RA, regional anaesthesia. GA, general anaesthesia.

4. Discussion

Our results show that patients that had RA, as compared to
those that had only GA, spent a shorter time in the PACU and
consumed less analgesic and antiemetic drugs, suggesting less
experienced pain and less experienced postoperative nausea
and vomiting.

The results corroborate earlier studies to some degree,
confirming superiority of an RA approach in upper extremity
surgery [1, 5-7]. Despite this knowledge, RA remains under-
used for different reasons [12]. We theorize that there may
be some apprehension to use RA outside of specialised units.
What is new is that our study was performed in a secondary
referral unit (regional acute care hospital), where surgery on
the upper extremity constitutes a small part of the total num-
ber of procedures. The procedures involved are both urgent
and elective and we have no subspecialised anaesthetists that
handle these cases. In addition, approximately 25% of our
staff of physicians were residents, representative for a typical
acute care general facility. This makes the results applicable
to the great majority of care facilities, not only to specialised
units.

In the RA group, there was no need for postoperative
analgesic intervention and virtually no antiemetic drugs.

From Tables 4 and 5 it is reasonable to conclude that RA
intention is most important for fracture surgery, supposedly
because of more postoperative pain compared to nonfracture
surgery.

There are reasons to believe that the increasing use of US
for regional blocks has had an impact on procedure related
parameters, such as the learning curve and success rate. All
our blocks were done with the support of US and our standard
block for arm surgery is the supraclavicular brachial plexus
block. The success rate was 92% during this study period,
defined as surgery without GA when RA alone was planned
on beforehand.

The study has some strengths. It is consecutive and cases
included were anaesthetised under real working conditions
by nonspecialist regional anaesthetists, including physicians
under education. Further, it was not known to participants,

anaesthetists, or personnel in the PACU that the case was to
be included in a study.

The primary outcome variable, PACU LOS, is somewhat
complicated to assess. It is affected by many factors not related
to the surgery itself; for example, the surgeon often wants
to speak to the patient before he/she leaves the PACU or a
postsurgical X-ray often is warranted. In addition to these
factors, the outpatients will have to wait for home transporta-
tion at the PACU. It is reasonable to suppose that these factors
affect both the RA- and the GA group to the same degree and
hence that this factor did not have any major effect on the
results.

The study also has several weaknesses. Since it is a retro-
spective study, there was no randomisation; hence the choice
between RA and GA was done at the presurgical visit by the
anaesthetist. This may introduce confounding variables and
the results may not have been the same with randomisation.
As can be seen from Table 1, the RA group was significantly
older and had longer duration of surgery, so groups were not
matched perfect.

As it is a retrospective study, there was no uniform
protocol for induction and maintenance of GA and no strict
protocol for the blocks.

Furthermore, the study only included patients operated
at daytime since our PACU is closed at night. The same per-
sonnel join the operation theatre and supply Postanaesthesia
Care during on-call hours. It is reasonable to believe that the
results would have been the same if on-call hours would have
been studied as well.

The outcome variable used for postoperative pain was
number of doses of opioids administered. If a patient has
severe pain in the PACU, this may call for a single larger dose.
Thereby the results may have differed in that patients in severe
pain had relatively fewer doses administered. If this was so, it
would have counteracted the results found and hence it is not
a major limitation.

In light of the exceptional development of RA in recent
years, a prospective randomised trial, testing the hypothesis
that we have tried to explore here, is indeed warranted and
could probably add substantial evidence to the establishment
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of a gold standard regarding the choice between RA and GA
for different types of surgery on the upper extremity.

The results of this study are applicable to a nonspecialised
unit where this specific type of surgery constitutes a small
part of all procedures and where anaesthetists are not sub-
specialised, are on a rotating schedule, and include physicians
under training.

On this behalf, we conclude that this observational study
supports the use of regional anaesthesia as opposed to general
anaesthesia for orthopaedic surgery on or below the elbow
of the arm. Regional anaesthesia was associated with shorter
time spent in the Postanaesthesia care unit and less adminis-
tered doses of opioids and antiemetics.
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