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ABSTRACT
OBJECTIVE: The aim of this study was to compare 2 techniques that are widely used in hand, wrist, and forearm: 
regional intravenous anesthesia (RIVA) and infraclavicular brachial block.

METHODS: A total of 100 patients who were aged 18 to 85 years and who underwent hand, wrist, or forearm 
surgery of at least 30 minutes duration were included. RIVA was applied to Group 1 patients with administra-
tion of 40 mL of prilocaine (3 mg/kg). Ultrasonography-guided infraclavicular block was performed on Group 2 
patients with 20 mL of 1% prilocaine. Several aspects of these 2 methods were compared, including length of 
time required to apply anesthesia, the analgesic effectiveness of the treatment during administration and in the 
peroperative and postoperative periods.

RESULTS: The rate of mild and complete sensory loss was significantly higher in Group 2 at 10th and 15th min-
utes than in Group 1. The number scoring less than grade 2 using modified Bromage grading system in Group 2 
was considerably greater than in Group 1. Processing time to apply the block was significantly longer in Group 1 
compared with Group 2.

CONCLUSION: It was determined that infraclavicular brachial block is superior to the RIVA method with respect 
to length of time required to administer and ease of application.
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Comparison of RIVA and infraclavicular
block in forearm and hand surgery

Orıgınal Article    ANESTHESIOLOGY&REANIMATION

The use of regional anesthesia techniques in 
surgical procedures continues to evolve and 

become more popular. Regional anesthesia is pre-
ferred to general anesthesia in suitable patients 

as a result of greater analgesic effectiveness in the 
pre- and postoperative periods, and lower perop-
erative morbidity, length of postoperative hospital 
stay, and cost.
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Regional intravenous anesthesia (RIVA) is a 
preferred form of regional anesthesia, particularly 
in surgery of the upper extremities, performed with 
the injection of anesthetic solution into a local vein 
that is blocked with a tourniquet. RIVA is often 
used due to features such as minimal postopera-
tive complications, low cost, and ease of application. 
However, there are a number of disadvantages to 
RIVA as well, including the need for a large volume 
of local anesthesia and short duration of anesthesia 
after release of the tourniquet. 

Peripheral block applications have become more 
popular with the introduction of ultrasound (US) 
technology to the administration of anesthetic 
agents. As the anesthetic agent can be quickly and 
safely given to patients in US-guided peripheral 
block, the technique is now widely used in surgery 
that is of short duration on an extremity.

The aim of this study was to compare these 2 
methods of anesthesia applied in hand, wrist, and 
forearm surgery: ultrasound-guided infraclavicular 
brachial block and RIVA.

MATERIALS AND METHODS

This study was conducted after obtaining approval 
from ethics committee of Haydarpasa Numune 
Teaching and Research Hospital, making the re-
quired explanations about the study to the patients, 
and finally, obtaining their informed consent. A 
total of 104 patients who were examined either in 
the orthopedics or plastic surgery clinic (American 
Society of Anesthesiologists [ASA] physical status 
classification I-III and body mass index <35 kg/
m2) who underwent hand, wrist, or forearm surgery 
of minimum 30 minutes and maximum 180 min-
utes duration were initially included in this study. 
Patients were excluded from the study if there was 
local anesthetic allergy or local infection in the area 
where block was to be applied, coagulopathy, neu-
rological deficit in the upper extremity, prominent 
psychiatric or cognitive disorder, substance abuse, 
previous clavicular fracture or pneumonectomy, 
pregnancy, pneumothorax, thrombophlebitis, ar-
teriosclerotic vascular disease, Raynaud’s disease, 
arteriovenous fistula, scleroderma, sickle cell ane-

mia, extensive burns, lacerations, or infection in the 
area to be operated on, or neuromuscular disease, 
such as myasthenia gravis, decompensated heart 
failure, or epilepsy. Non-cooperative, debilitated, 
or malnourished patients, and those with advanced 
liver dysfunction were also excluded from the study. 
Three patients who underwent RIVA procedure 
but needed an additional injection of local anesthet-
ic agent due to development of pain at surgical site 
were also excepted. Moreover, 1 patient from Group 
2 required general anesthesia and therefore was ex-
cluded from the study.

Patients were divided into 2 equal groups by 
simple randomization programmed by computer. 
Following intravenous line insertion, standard mon-
itoring (noninvasive blood pressure, electrocardiog-
raphy, oxygen saturation) was performed and all pa-
tients were sedated with midozalam (0.03 mg/kg).

Group 1 (RIVA) (n=50): Vessel access points 
were opened on the back of the hand of the ex-
tremity to be operated on and on contralateral arm 
with 22-G needle. Intravenous access on operated 
extremity was used for RIVA application, while 
crystalloid infusion and drug solution were deliv-
ered through the other. The upper part of the op-
erated arm was wrapped with cotton and double-
cuff tourniquet was put in place. Before injection of 
the anesthetic agent, the arm was firmly wrapped 
from fingertips to distal tourniquet with 10-cm-
wide elastic (Esmarch) bandage to drain the venous 
blood, and then proximal cuff tourniquet was in-
flated to 300 mmHg pressure. Elastic bandage was 
removed and arterial circulation was confirmed by 
palpating the radial artery. The pre-prepared drug 
was administered intravenously to the operated 
arm in 90 seconds and then vessel access was closed. 
Distal tourniquet was inflated 10 minutes after 
drug administration while proximal tourniquet was 
deflated. In the postoperative period, the tourniquet 
was deflated at intervals beginning 35 minutes after 
the injection. Prilocaine was used as local anesthetic 
(40 mL of 3 mg/kg).

Group 2 (infraclavicular block) (n=50): The 
patient’s head was turned to the opposite side of 
block application. The area where the block would 
be applied was disinfected with 10% povidone, and 
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local anesthesia (2% lidocaine, 20 mg/mL) was ad-
ministered subcutaneously to region of peripheral 
nervous needle puncture. A peripheral nerve needle 
(21-G) with a length of 50-80 mm and linear probe 
(5-12 MHz) were used in block application. The 
probe was covered with a sterile, transparent cover, 
sterile gel was applied, and it was then sagittally 
placed 1 cm below the intersection of the clavicle 
and coracoid process.

Twenty mL of 1% prilocaine was administered 
around the subclavian artery and lateral, posterior, 
and medial cords with aspiration every 5 mL in cor-
relation with the US image (in-plane technique). 
Sensory examination was performed every 5 min-
utes for 30 minutes after application of the block. 
Motor function was examined every 10 minutes. 
The first 3 fingers and wrist dorsal area were used 
for sensory examination of the radial nerve, while 
the fifth finger was used for the ulnar nerve. The 
first 3 fingers and volar aspect of the wrist were 
used for sensory examination of the median nerve, 
and the lateral region of the forearm was used for 
comparison of the musculocutaneous nerve with 
the nerves of the opposite forearm. Pinprick sensa-
tion test was performed in both groups using a scale 
for sensation block, and a modified Bromage scale 
was applied for assessment of the motor block. The 
results were noted as numbness, moderate, or no 
sensory block in pinprick sensation test.

Surgery commenced when an absence of sensa-
tion determined by pinprick test and a score of ≤2 
on modified Bromage scale was confirmed. Addi-
tional administration of local anesthesia to operated 
area, need for application of a rescue block on the 
distal part of the infraclavicular region, or applica-
tion of general anesthesia was accepted as failure. 
Rescue block was applied when 1 or 2 nerves could 
not be blocked. If more then 2 nerves could not be 
blocked, general anesthesia was used. The number of 
times an invasive attempt was needed for block and 
whether vessel puncture occurred were also noted.

Process duration was defined in Group 1 
(RIVA) as the period that started with application 
of the Esmarch bandage and ended with comple-
tion of the local anesthetic injection. In Group 2, 
(infraclavicular block) it was defined as the period 

between the passage of the peripheric nerve stimu-
lator needle through the cutaneous and subcutane-
ous layers and the complete injection of local anes-
thesia. In addition, systolic blood pressure, diastolic 
blood pressure, mean blood pressure (MBP), heart 
rate (HR), and level of peripheral oxygen saturation 
were checked every 5 minutes from the initiation of 
the nerve blockade to postoperative 20th minute and 
noted in order to monitor the hemodynamic state 
of patients. After the application of the blockade, 
patients were questioned as to comfort and satisfac-
tion with the method of anesthesia application prior 
to undergoing surgery. They were also asked if they 
would prefer the same anesthetic method if another 
operation were necessary, and the responses were 
noted. Details of preoperative application of tour-
niquet, duration, and whether patients developed 
pain as a result were also recorded. Furthermore, 
the time patients needed first analgesic in the post-
operative period was also noted. Finally, sensory 
and motor function examinations were performed 
at 2nd, 4th, 8th, and 24th hours, and early complica-
tions were recorded.

Statistical analysis
IBM SPSS Statistics for Windows, Version 21.0 
(IBM Corp., Armonk, NY, USA) software was 
used for the analyses. Mean±standard error and 
ratios of value frequency were used for definitive 
statistical analysis of data. The distribution of vari-
ables was assessed with the Kolmogorov-Smirnov 
test. Independent samples t-test and Mann-Whit-
ney U test were applied for the analysis of quantita-
tive data. Both chi-square test and Fisher’s exact test 
(when chi-square test could not be used) were used 
to analyze qualitative data. A minimum of 15 pa-
tients per group was required for the comparison of 
blockade types to have 100% statistical power and 
0.5% standard error.

RESULTS

One patient from Group 1 was converted to general 
anesthesia and 3 patients from Group 2 required 
additional local anesthesia due to pain that devel-
oped in the operated area. Therefore, these patients 
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were excluded from the study (Figure 1).
There was no significant difference between the 

groups in terms of mean age (Group 1: 38.6±16.6 
years, Group 2: 36.3±14 years), weight (Group 1: 
74.4±12.9 kg, Group 2: 77.2±15.4 kg), gender dis-
tribution (Group 1: 16 female/34 male, Group 2: 
11 female/39 male), or ASA classification.

There was no significant difference between 
Group 1 and Group 2 in the evaluation of pinprick 
sensation at the fifth minute. Percentage of moder-
ate sensory block and numbness was significantly 
higher at both 10th and 15th minute in the patients 
of Group 2 compared with Group 1 (Table 1).

A noteworthy increase was determined in the 
degree of complete blockade in all nerve function at 
10th, 20th, and 30th minute in Group 2 in compari-
son with Group 1 using modified Bromage Score.

There was no difference between groups in the 
duration of tourniquet or operation, presence of 
pain as a result of the tourniquet, ratio of tourniquet 
use, requirement for analgesic, or satisfaction of the 
surgeon with respect to the anesthetic method used. 
The duration of the process was notably longer in 
Group 1 than in Group 2. Moreover, the patients 
of Group 1 needed additional analgesic in the post-
operative period significantly earlier then those of 
Group 2. Complete satisfaction with the method 

of anesthesia was significantly lower in Group 1. 
The ratio of those who preferred the same method 
of local anesthesia for another operation was also 
substantially lower in Group 1 in comparison with 
patients in Group 2 (Table 2).

The rate of regaining complete sensation (recov-
ery) after sensory block at 2nd, 4th, and 8th hours was 
determined to be significantly higher in Group 1. 
However, there was no remarkable difference be-
tween the 2 groups in this rate at 24th hour (Table 
3). In addition, patients were evaluated at 2nd, 4th, 
and 8th hours to determine the length of time re-
quired to recover motor function after the blockade. 
The results revealed that the ratio of hand and fin-
ger mobilization was significantly higher in Group 
1 (p<0.05) (Table 4).

MBP at the fifth minute was significantly high-
er in patients in Group 1 compared with Group 2 
(p<0.05); however, there was no significant differ-
ence in values collected at other time points. HR 
measurement was similar between the 2 groups.

DISCUSSION

There are a number of advantages to the use of 
regional local anesthesia, including continued an-

104 patients included in the study

100 patients were assessed

50 USG-guided infraclavicular block

50 patients were included in the study 50 patients were included in the study

 Unwanted conditions:
  One patient was required to
  have general anesthesia
  due to failure of nerve blockade

 Unwanted conditions:
  Three patients needed
  additional local anesthetic due
  to persistent pain in operated
  area during procedure

4 patients were excluded

50 RIVA

Figure 1. The flow chart of randomization. RIVA: Regional intravenous anesthesia.
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algesia into the postoperative period and earlier 
mobilization of the patient than is the case with 

general anesthesia. Since the patient is conscious, 
they are able to respond and express any complaints 

Pinprick test Time Degree of  Group 1  Group 2 p 
  (minutes) sensation

    n % n %

   Numbness 1  2.0  5 10.0  0.092
  5 Moderate 48 96.0 45 90.0
   No sensory block 1 2.0 0 0.0
   Numbness 21  42.0  44 88.0  0.000
  10 Moderate 29 58.0 6 12.0
   No sensory block 0  0.0 0  0.0
   Numbness 44  89.8  50 100.0 0.020
  15 Moderate 3 6.1 0 0.0
   No sensory block 2  4.1  0 0.0
   Numbness 1 2.0  5  10.0  0.092
  5 Moderate 48 96.0 45 90.0  
   No sensory block 1 2.0 0 0.0
   Numbness 21  42.0  44  88.0  0.000
  10 Moderate 29 58.0 6 12.0  
   No sensory block 0  0.0  0  0.0    
   Numbness 45  90.0  50  100.0 0.022
  15 Moderate 3 6.0 0 0.0
   No sensory block 2  4.0  0 0.0
   Numbness 1  2.0  5  10.0 0.092
  5 Moderate 48 96.0 45 90.0
   No sensory block 1 2.0 0 0.0
   Numbness 21  42.0 44 88.0 0.000
  10 Moderate 29 58.0 6 12.0
   No sensory block 0 0.0  0  0.0
   Numbness 45 90.0  50  100.0 0.022
  15 Moderate 3 6.0 0 0.0
   No sensory block 2  4.0  0 0.0
   Numbness 2 4.0  6 12.0  0.140
  5 Moderate 47 94.0 44 88.0  
   No sensory block 1 2.0  0 0.0    
   Numbness 21 42.0 44 88.0 0.000
  10 Moderate 29 58.0 6 12.0  
   No sensory block 0 0.0 0 0.0  
   Numbness 45 90.0  50 100.0 0.022
  15 Moderate 3 6.0 0 0.0  
   No sensory block 2 4.0  0 0.0

Chi-square test.

Table 1. Sensory block level
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during the administration of anesthesia. Addition-
ally, spontaneous respiration continues and airway 
reflexes are preserved [1]. For these and other rea-
sons, with developments in advanced technology 
and modern local anesthetics, the use of regional 
anesthetic techniques has increased in recent years.

Advances in the use of US imaging led to a gen-

eration of portable US units that have enabled en-
hanced use of regional local anesthesia. The achieve-
ment of nerve block increased while the ratio of 
complications decreased using US guidance [2, 3].

Hadzic et al. [4] compared general anesthesia 
with infraclavicular block in cases of hand surgery. 
They suggested that both the score of analgesia 

   Group 1    Group 2  p

  Mean±SE n %  Mean±SE n %

Duration of process 4.1±1.3   2.2±1.3   0.000
Duration of tourniquet 50.7±19.2    52.9±17.2    0.343
Duration of operation 57.0±24.9    57.3±18.6    0.395
Use of tourniquet 
 No  0 0.0  1 2.0 1.000
 Yes  50 100.0   49  98.0
Tourniquet pain  
 No  46  92.0   46 92.0 1.000
 Yes  4  8.0   4  8.0
Time until requirement for first 
postoperative analgesic 9.8±12.6   337.0±168.7   0.000
Peroperative complications
 No  50 100.0   50  100.0 –
 Yes  0  0.0   0 0.0
Postoperative side effects
 No  50 100.0   50  100.0 –
 Yes  0  0.0   0  0.0
Patient satisfaction with analgesic 
agent application method
 Not satisfied  1  2.0  0 0.0
Moderately satisfied  6  12.0  0 0.0 0.006
Satisfied  43  86.0  50 100.0
Surgeon satisfaction with local 
anesthetic application method
 Not satisfied  2 4.0  4 8.0
 Moderately satisfied  6  12.0  0 0.0 0.218
 Satisfied  42 84.0  46 92.0
Would you choose the same method 
of local anesthetic application if 
another operation is required?
 No  7  14.0  0  0.0
 Yes  43 86.0  50 100.0 0.006

SE: Standard error. Chi-square test (or Fisher’s exact test) / Mann-Whitney U test.

Table 2. Characteristics of the procedures
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   Time (hours)       Group 1   Group 2  p

    n % n %

Do you feel the touch? 2nd hour
   No 0 0 43 86
   Moderate 0 0 5 10 0.000
   Yes 50 100 2 4
  4th hour
   No 0 0 20 40 0.000
   Moderate 0 0 20 40
   Yes 50 100 10 20
  8th hour
   No 0 0 5 10 0.000
   Moderate 0 0 7 14
   Yes 50 100 38 76
  24th hour
   No 0 0 1 2 0.315
   Moderate 0 0 0 0
   Yes 50 100 49 98

Chi-square test.

Table 3. Rate of sensory recovery

   Time (hours)       Group 1   Group 2  p

    n % n %

Can you move your arm and fingers? 2nd hour
   No 0 0 42 84
   Moderate 0 0 6 12 0.000
   Yes 50 100 2 4
  4th hour
   No 0 0 9 18 0.000
   Moderate 0 0 21 42
   Yes 50 100 20 40
  8th hour
   No 0 0 3 6 0.003
   Moderate 0 0 5 10
   Yes 50 100 42 84
  24th hour
   No 0 0 1 2 0.495
   Moderate 0 0 1 2
   Yes 50 100 48 96

Chi-square test.

Table 4. Rate of recovery of motor function
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was better and that postoperative analgesic was not 
needed with infraclavicular block. They further re-
ported that local anesthesia was better in terms of 
earlier ambulation and had fewer side effects. 

In this study, we compared 2 methods that are 
frequently used in routine hand surgery: RIVA 
(Group 1) and US-guided infraclavicular brachial 
plexus block (Group 2). The aim of the research 
was to determine the most advantageous method 
of providing anesthesia in short-duration upper ex-
tremity surgery. The high success rate and ease of 
application observed led to a preference for infracla-
vicular block.

Advantages to the use of US in regional anes-
thesia include direct visualization of nerves and 
anatomical structures, making it easy to localize 
and follow the needle. Imaging of the distribution 
of the local anesthetic also allows for reduced dose 
and fewer needle attempts, which increases patient 
comfort. However, many aspects of the use and de-
velopment of US-guided regional anesthesia have 
not yet been completely clarified. These include 
ideal needle position for a secure, successful block, 
the number of injections required for each block, 
minimal volume of local anesthetics, and whether it 
is preferable to an alternative anesthetic method in 
a particular procedure [5–8].

Successful application of regional anesthetic 
method depends on parameters including com-
patible timing between duration of operation and 
local anesthesia, selection of appropriate regional 
anesthetic method for targeted surgery, and the ex-
perience of the surgeon [9]. Important issues to be 
considered in cases using either RIVA or peripheric 
block include not exceeding toxic dose of local an-
esthetic and remaining alert for hemodynamic com-
plications that may develop.

Research continues regarding reduction of 
the quantity and concentration of local anesthetic 
agents and determination of minimal volume and 
dose to avoid systemic effect. To improve the gen-
eration of sufficient anesthesia with low concentra-
tion and dose, various adjuvant drugs are added to 
local anesthetics. Numerous recent studies have ex-
amined the use of clonidine, morphine, meperidine, 

fentanyl, sufentanyl, tramadol, muscle relaxants, 
nonsteroid anti-inflammatory drugs, dexametha-
sone, magnesium, and other local anesthetics to 
promote the formation of sensory and motor block 
and improve the quality of anesthesia created with 
RIVA [10, 11]. As a result of being able to see the 
drug injection site, quality anesthesia can be gen-
erated with lower doses of local anesthetic in US-
guided infraclavicular block without requiring any 
additional drugs. In this study, we did not use any 
drug other than local anesthetic agent; prilocaine 
was used at volume of 40 mL (3 mg/kg) and 20 mL 
(1%) in Group 1 and Group 2, respectively.

Local anesthetic agents used in regional anes-
thesia have some advantageous features, including 
prolonged and less toxic anesthetic effects [12]. The 
most commonly used agents in RIVA are lidocaine 
and prilocaine. Prilocaine is used at dose of 3–4 
mg/kg at a concentration ranging between 0.15% 
and 2% in RIVA. This anesthetic agent is common-
ly used in RIVA because of its rapid absorption by 
tissues and quick metabolization, reducing plasma 
concentration. The duration of the anesthetic effect 
of prilocaine is longer than that of lidocaine [13].

The duration of all application processes in 
this study was recorded by a person who was not 
involved in the research. Processing time was con-
sidered to be the length of time between the entry 
of the needle into the skin and exit of the needle 
after injection of local anesthetic agent in Group 2. 
In Group 1, processing time began with application 
of the Esmarch bandage and continued until the in-
jection of the local anesthetic agent was completed. 
Processing time was significantly greater in Group 1 
(Group 1: 4.1±1.3 minutes, Group 2: 2.2±1.3 min-
utes; p<0.05).

Gurkan et al. [14] and Uysal et al. [15] reported 
block processing time of brachial plexus by US-
guided infraclavicular approach of 24±1 minutes 
and 5.2 minutes, respectively, while it was 3 min-
utes in a study conducted by Dingemans et al. [16]. 
Our research yielded a processing time of 3.7±2.6 
minutes.

Due to the need to apply an additional analgesic 
agent, 3 patients were excluded from the study. One 
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other individual was excluded as a result of conver-
sion to general anesthesia. Recovery from sensory 
block was determined significantly earlier in Group 
1 at 2nd, 4th, and 8th hour compared with Group 2 
(p<0.05). However, there was no difference be-
tween groups 24th hour.

Postoperative analgesic was required by patients 
in Group 1 due to the development of pain 1 to 2 
minutes after release of the tourniquet. The length 
of time until the first analgesic requirement was lon-
ger in Group 2 (p<0.05). This condition provides 
a significant advantage in terms of patient satisfac-
tion. Moreover, it is interesting to note that it is also 
gratifying to the surgeon.

Evaluation of the length of time until full recov-
ery from motor block and ratios of hand and fin-
ger movement ability were found to be significantly 
greater in Group 1 in comparison with Group 2 at 
2nd, 4th, and 8th hours (p<0.05); however, this differ-
ence disappeared at 24th hour (p>0.05). Enhanced 
success ratio of achievement of block was seen in 
both groups (Group 1: 94.3%, Group 2: 98.03%). 
Sandhu et al. [17] described nearly 100% achieve-
ment with an application of local anesthetic around 
the neural cord with US guidance.

There were no complications due to process in 
this study. Based on findings from magnetic reso-
nance imaging, Neuburger et al. [18] suggested that 
infraclavicular block is a safe technique, although 
there is a risk for development of pneumothorax. 
Though this risk is small, pneumothorax is the most 
dangerous complication in infraclavicular brachial 
plexus block. An experienced surgeon should per-
form the block, complying with the rules and using 
suitable size nerve stimulator. The risk of pneumo-
thorax is virtually eliminated in the application of 
the block with US guidance. Pneumothorax was 
not observed in any patient in our block groups.

Vascular puncture is a complication that may 
be encountered in brachial plexus block due to the 
close proximity of blood vessels and nerves. Inci-
dence of this complication is reduced with use of 
US. No vascular puncture or invasive process was 
observed in the present study. The rate of vascular 
injury complication in peripheral nerve block guid-

ed by US was determined to be 0.4% in large series 
of retrospective and prospective applications [17, 
19]. The rate of vascular injury in a study compar-
ing neurostimulation with US was found to be sig-
nificantly lower in the US group [20, 21]. Vascular 
puncture has been observed in US-guided infracla-
vicular block at rate of 0% to 7.5% [22–26].

In this study, we did not observe any side effects, 
toxicity, or complication during or after anesthesia 
in either group in terms of the application of local 
anesthetic agent. Both methods also demonstrated 
the effect of surgical anesthesia at the desired time. 
No pneumothorax, respiratory problems, or hema-
toma due to vascular puncture was found in subse-
quent patient controls.

Although both methods are used for upper ex-
tremity surgery, we conclude that US-guided infra-
clavicular block may be preferred for greater post-
operative patient comfort in short-duration upper 
extremity surgery, particularly hand, wrist, and 
forearm operations. Although conventional meth-
ods, including RIVA, may still be used successfully, 
we think that infraclavicular brachial block is better 
than other methods due to the low risk and low rate 
of complications, as well as ease of application with 
current improvements in technology.
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