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Background: The aim of the study was to compare the pain relieving effect and the time spent in the recovery unit after 
treatment with high frequency, high-intensity transcutaneous electrical nerve stimulation (TENS) or intravenous (IV) 
opioids after gynecologic laparoscopic surgery. 
Methods: All patients who postoperatively reported visual analogue scale (VAS) pain score ≥ 3 were consecutively includ-
ed in the study. The TENS treatment was given with a stimulus intensity between 40–60 mA during 1 minute, repeated 
once if insufficient pain relief. In the opioid group, a maximum dose of 10 mg morphine was given IV. If the patient report-
ed insufficient pain relief (VAS ≥ 3) on the assigned treatment, the patient crossed over to the other treatment group. 
Results: Ninety-three women were randomized to TENS (n = 47) or IV opioids (n = 46). Both groups reported signifi-
cant pain relief at leave from the recovery unit (TENS group: VAS 5.4 to 1.0, P < 0.001; IV opioid group: VAS 5.2 to 1.1, 
P < 0.001) with no differences between the groups. When only responders, i.e. patients with VAS < 3 after assigned treat-
ment, were compared the TENS responders spent significantly shorter time in the recovery unit (90 vs. 122 minutes, P = 
0.008) compared to the responders in the opioid group. 
Conclusions: TENS and IV opioids are both effective treatments for pain relief after gynecologic laparoscopic surgery. 
TENS seems to be preferable for first choice of treatment as the treatment is associated with shorter time spent in recov-
ery unit if the patient responds to the treatment.
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Introduction 

Laparoscopic surgery has become the standard approach for 
a large number of gynecologic procedures. The frequency of 
laparoscopy varies widely across the globe. In the United States, 
approximately 350,000 tubal ligations and 200,000 laparoscop-
ically assisted vaginal hysterectomies are performed annually. 
Whereas, in the United Kingdom, approximately 250,000 gyne-
cologic laparoscopic surgeries are performed annually [1].

At our center, approximately 200 laparoscopic operations are 
performed annually for the following indications: sterilization, 
diagnosis, cyst enucleation, and salpingo-oophorectomy.

Pain is often a problem after gynecologic laparoscopic sur-
gery, even if the postoperative pain is less significant when 
compared to that after a similar major laparotomy surgery [2]. 
Conventional treatment with intravenous (IV) opioids often 
offers satisfactory pain relief. However, opioids have negative 
side effects, such as sedation, nausea, and respiratory depression 
[3]. Some of these side effects require monitoring of the patient, 
resulting in longer duration of stay in the recovery unit after sur-
gery.

Transcutaneous electrical nerve stimulation (TENS) has 
been used to provide pain relief in various postoperative pain 
conditions such as post-thoracotomy pain, pain following spinal 
surgery, after abdominal surgery, laparoscopic tubal ligation, 
pain after cholecystectomy, as a complement for pain relief after 
pancreatic resection, and colon surgery [4–10].

The intensity of stimulation seems to be of importance for 
pain relief as studies indicate that a strong, non-painful intensity 
seems to be more efficacious [11]. High-frequency, high-inten-
sity (40–60 mA) TENS has been used in pain treatment after 
surgical abortions, resulting in effective pain relief and a shorter 
stay in the recovery unit [12]. However, to our knowledge, the 
data regarding the effect of high-frequency, high-intensity TENS 
for postoperative pain treatment after gynecologic laparoscopic 
surgery is scarce. Our hypothesis was that patients receiving 
TENS for pain relief after undergoing gynecologic laparoscopic 
surgery would spend a shorter amount of time in the recovery 
unit than those treated with IV opioids. The objective of the 
current prospective, randomized study was to compare the du-
ration of stay in the recovery unit after surgery and to assess the 
pain-relieving effect of high-frequency, high-intensity TENS and 
conventional treatment with IV opioids in patients undergoing 
gynecologic laparoscopic surgery.

Materials and Methods

Patients

The study is in accordance with the Helsinki Declaration 

of 1975, as revised in 2000. The Regional Ethics Review Board 
in Gothenburg, Sweden, approved the study (Dnr 026-11). All 
participants received written and verbal information about the 
study before giving their written consent to participate in the 
study. The study is registered in a national register (VGR Dnr 
221131, http://www.fou.nu/is/vgr/project/221131).

Over 13 months, patients admitted to the operating theater 
at Sahlgrenska University Hospital/Östra for gynecologic lap-
aroscopic surgery were assessed for eligibility (Table 1). Every 
patient who reported a postoperative pain score of ≥ 3 on the 
visual analog scale (VAS) in the recovery unit after laparoscopic 
surgery was randomized using the closed-envelope technique 
(Fig. 1). Both the patient and investigator were aware of the ran-
domized allocation. Based on our clinical experience, blinding 
was not feasible since high-intensity TENS was needed to 
achieve optimal pain relief. Hence, it was impossible to blind the 
patient to the treatment allocation. The exclusion criteria were 
unwillingness to participate in the study, alcohol or drug ad-
diction, neurological disease with impaired sensitivity, use of a 
pacemaker or implantable cardioverter defibrillator, dependence 
on an interpreter, or age less than 18 years.

Procedures related to surgery

The standard procedure prior to gynecologic laparoscopic 
surgery was applied and the patients received an in-dwelling IV 
peripheral catheter.

All patients received IV or oral paracetamol and/or non-ste-
roidal anti-inflammatory drugs (NSAID), pre-, intra-, and post-
operatively, according to clinical routine during the hospital stay 
(every 8 h). The patients also received their ordinary pain medi-

Table 1. Patient Demographics and Indications for Gynecologic Lapar
oscopic Surgery in the TENS Treatment Group and the IV Opioid 
Treatment Group

TENS group  
(n = 47)

IV opioid group  
(n = 46)

Baseline health characteristics
   Age 43 (13) 42 (11)
   Previous abdominal surgery 17 (36%) 16 (35%)
   Long-term pain 16 (34%) 18 (39%)
   Analgesic use* 17 (36%) 21 (46%)
Indications for gynecologic laparoscopic surgery
   Sterilization 9 (19%) 9 (20)
   Diagnosis 2 (4%) 14 (30%)
   Cyst enucleation 18 (38%) 11 (24%)
   Salpingo-oophorectomy 14 (30%) 7 (15%)
   Adhesion lysis and others 4 (9%) 5 (11%)

Data are presented as number of patients (%) or mean (SD). TENS: 
transcutaneous electrical nerve stimulation, IV: intravenous, NSAID: 
non-steroidal anti-inflammatory drugs. *Analgesics include NSAIDs, 
paracetamol, and opioids, including tramadol and codeine.



151Online access in http://ekja.org

KOREAN J ANESTHESIOL  Platon et al.

cations. During surgery, the patients received propofol-remifen-
tanil for general anesthesia. The majority of the patients (n = 84) 
were administered a standard dose (10 mg) of IV morphine, 9 
patients were administered IV morphine as needed. The laparo-
scopic procedure was performed according to standard clinical 
procedure specific for the indicated surgery.

Postoperative procedures

In the TENS group, the electrodes were placed over the area 
of pain, usually at dermatome Th11-L1 (Fig. 2) with high-fre-
quency (80 Hz) stimulation (CefarPrimo®, DJO France S.A.S 
Center, France) for approximately 60 s. Since all the patients re-
ceived local infiltration in the skin during surgery, a cold test was 
performed in order to determine skin sensibility in the recovery 
unit. Intact skin sensibility is a prerequisite for TENS treatment. 
High-intensity stimulation was achieved through increasing the 
stimulation step by step to reach a stimulation intensity of 40 to 
60 mA. The pain intensity was re-assessed immediately after the 
end of treatment, i.e., after 60 s of stimulation. The procedure 

was repeated once, if needed to achieve a VAS score < 3. If pain 
relief was not obtained after two sessions of TENS stimulation, 
the patient received IV opioids. If the patient reported that the 

Analysed (n = 47) Analysed (n = 46)

Assessed for eligibility
(n = 224)

Randomized
(n = 100)

Excluded
Not meeting the inclusion criteria or
declined to participate in the study (n = 60)
VAS < 3 (n = 64)

Discontinued intervention
Withdrawal of consent to participate
in the study (n = 1)
Did not meet inclusion criteria after
scrutinization (n = 1)
Did not follow study protocol (n = 2)

Discontinued intervention
Withdrawal of consent to participate
in the study (n = 1)
Did not meet inclusion criteria after
scrutinization (n = 1)
Impaired sensibility over dermatome
L1-TH 10 (n = 1)

Responder to treatment was defined as pain score VAS < 3
Crossover patients received both TENS and IV opioid due to pain score VAS > 3 after
initial treatment

*

Responder to treatment* (n = 31)
Crossover (n = 16)

Responder to treatment* (n = 33)
Crossover (n = 13)

IV opioid
(n = 50)

TENS
(n = 50)

Fig. 1. Patient flowchart. VAS: visual analogue scale, TENS: transcutaneous electrical nerve stimulation, IV: intravenous.
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Th12
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L2 L2

Fig. 2. Electrode placement Th11-L1 when using transcutaneous 
electrical nerve stimulation (TENS) for postoperative pain relief after 
gynecologic laparoscopic surgery.
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stimulation was unbearable, the patient received additional IV 
opioid after the first session.

In the IV opioids group, a fractionated dose of morphine was 
given. The pain intensity was re-estimated after approximately 
10 min after injection. If the patient reported insufficient pain 
relief, which was determined by a VAS score > 3 after approxi-
mately 10 min, extra doses of IV morphine were administered, 
until a total dose of 10 mg IV. If the patient still reported inad-
equate pain relief after 30 min from the start of pain treatment, 
TENS was administered. The non-responders to treatment in 
both groups received adjuvant analgesics according to the local 
clinical guidelines (Table 2).

A nurse assessed all patients for nausea and sedation in the 
recovery unit. Nausea was assessed using VAS (0–10), and seda-
tion was estimated by the Ramsay sedation score [13]. The pa-
tients were transferred to the unit when their cardiorespiratory 
status was considered stable (according to standard clinical cri-
teria) and adequate pain relief had been achieved (VAS < 3). The 
times of the patient’s arrival in the recovery unit and discharge 
from the unit were recorded in the patient’s chart.

Statistical analysis

For the comparison between the 2 groups, Fisher’s exact test 
was used for dichotomous variables. Chi-squared analysis was 
used for non-ordered categorical variables. The Mann-Whitney 
U test was used for continuous variables. For the comparison 
within the groups, Wilcoxon signed rank test was used for con-
tinuous variables. All tests were two-tailed, and a significance 
level of 5% was used.

Sample size was calculated for a power of 80% with time 
spent in the recovery unit as the primary outcome variable. In 
order to demonstrate a difference between the groups with 80% 
power and a two-sided significance level of alpha 0.05, a sample 
size of 50 participants in each group (time at the recovery unit 
in minutes, mean 44.3 (30.7) vs. 62.1 (34.3) in the TENS and IV 
opioid group, respectively) was required [12]. The data were an-
alyzed based on an intention-to-treat (ITT) analysis. A subgroup 
analysis was performed based on ‘responders to treatment.’

Results

Patients

In total, 224 patients were assessed for eligibility after admis-
sion to the operating theater at Sahlgrenska University Hospital/
Östra for gynecologic laparoscopic surgery. Sixty-four patients 
declined to participate in the study and 60 patients did not meet 
the inclusion criteria (pain score was not ≥ 3 on the VAS). In 
total, 100 patients had pain requiring treatment (VAS pain score 
≥ 3) and were randomized to receive TENS (n = 50) or standard 
pharmacological treatment with IV opioids (n = 50); however, 
2 of the patients did not meet all of the inclusion criteria after 
scrutiny, 2 patients withdrew their consent for study participa-
tion, 1 patient had impaired sensibility, and the study protocol 
was not followed for 2 patients (Fig. 1).

Between the two groups, there were no significant differences 
in their health characteristics (Table 1), use of premedication, 
pharmacological treatment during surgery, and or postopera-
tively pharmacological treatment (Table 2). The patients who 
underwent gynecologic laparoscopic procedures are presented 
in Table 1. Mean time of surgery was 68.7 (32.7) min in the 
TENS group and 58.3 (33.2) min in the IV opioid group. The 
opioid group was administered a fractionated dose of morphine 
as needed for pain relief [mean 7.7 (3.0) mg]. In the TENS 
group, 7 patients did not accept the high-intensity stimulation. 
For these cases, a level of 20–30 mA was reached, and one of the 
patients crossed over and received an IV opioid.

There were no significant differences between the groups 
with regard to the number of crossovers (patients who reported 
VAS ≥ 3 after treatment). Thirteen patients in the opioid group 
received additional TENS treatment and 16 patients in TENS 
group received additional IV opioids (P = 0.66). Of the crossover 
patients, one patient in the TENS group received IV fentanyl 
and IV esketamine in addition to IV morphine. One patient in 
the opioid group received IV oxycodone due to allergies against 
morphine and one patient received IV esketamine in addition to 
TENS treatment (Table 2).

Table 2. Premedication and Pharmacologic Treatments during the 
Perioperative Period in the TENS and IV Opioid Treatment Groups

TENS group  
(n = 47)

IV opioid group  
(n = 46)

Premedication
   NSAID 44 (94%) 39 (85%)
   Paracetamol 47 (100%) 46 (100%)
Pharmacological treatment during surgery
   Total intravenous anesthesia 47 (100%) 45 (98%)
   Bupivacaine infiltration sc 47 (100%) 45 (98%)
   Fentanyl IV 0 (0%) 2 (4%)
Postoperative pharmacological treatment
   Morphine IV 16 (34%) 46 (100%)
   Tramadol IV* 4 (9%) 2 (4%)
   Other analgesics in the recovery 

unit*
1 (2%) 2 (4%)

Data are presented as number of patients (%). All patients received 
IV morphine during surgery. TENS: transcutaneous electrical nerve 
stimulation, IV: intravenous, NSAID: non-steroidal anti-inflammatory 
drugs, sc: subcutaneous, SD: standard deviation. *Only crossover patients 
received additional analgesics, including tramadol, postoperatively.
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Duration of stay in the recovery unit and pain relief 

According to the ITT analysis, there were no significant dif-
ferences in the duration of stay in the recovery unit between the 
groups (TENS group: 110.5 min; IV opioid group: 120.1 min; 
P = 0.44) or the duration of hospital stay after surgery (TENS 
group: 393.5 min; IV opioid group: 452.6 min; P = 0.30). How-
ever, when only responders to the treatment (i.e., patients who 
reported VAS < 3 on assigned treatment) were compared (per 
protocol analysis), the TENS responders had a significantly 
shorter stay in the recovery unit when compared to that of the 
responders in the opioid group (Table 4).

Both groups reported significant pain relief (TENS group: 
VAS 5.4 to 1.0, P < 0.001; IV opioid group: VAS 5.2 to 1.1, P < 
0.001) (Table 3). More than one third of the patients reported 
complete pain relief, without any differences between the groups 
(TENS group: n = 17 [36.2%]; IV opioid group: n = 15 [32.6%]; 
P = 0.83). When only responders to treatment were compared, 
approximately half of the patients in the TENS group reported 
complete pain relief (TENS group: n = 15 [48.4%]; IV opioid 
group: n = 12 [36.4%]; P = 0.45). There were no significant dif-
ferences between the groups with regard to pain after surgery 
or pain relief upon discharge from the recovery unit. Upon dis-
charge from the hospital, the TENS group reported significantly 
less pain than the IV opioid group (TENS group: VAS 1.5: IV 
opioid group: VAS 2.4; P = 0.037) (Table 3).

In total, 31 patients (66.0%) in the TENS group and 33 pa-
tients (71.7%) in the IV opioid group reported VAS < 3 after the 
initial treatment of pain. Patients who did not respond to their 
assigned treatment (i.e., crossover patients [n = 29, 31.2%]) had 
a higher VAS before (6.2 vs. 4.9) and after treatment (1.4 vs. 0.8) 
when compared to that of the responders to treatment. Cross-

over patients also stayed in the recovery unit for a longer period 
than the responders to treatment (134.7 vs. 106.5 min); there 
were more patients with long-term pain in this group (62.1% vs. 
25.0%, P = 0.001).

Nausea and sedation

There were no significant differences with regard to sedation, 
nausea, or use of anti-emetics between the groups.

Discussion

The current randomized study demonstrated that treatment 
with high-intensity, high-frequency stimulation TENS, as well as 
conventional treatment with IV opioids, are effective for postop-
erative pain relief after gynecologic laparoscopic surgery. More 
than one third of the patients reported complete pain relief. 
This is consistent with the results from previous studies, indi-
cating that TENS is effective for postoperative pain relief after 
laparoscopic surgery [7,8]. However, there were no differences 
between the groups with regard to the primary endpoint (i.e., 
duration of stay in the recovery unit).

According to clinical practice guidelines, patients should be 
monitored for 30 min after the last morphine injection due to 
the risk of respiratory depression. In contrast, there is no need to 
monitor patients after TENS treatment. When only responders 
to treatment were compared, both groups reported similar pain 
relief, but the TENS group had a shorter stay in the recovery 
unit. If a patient responded to TENS treatment, the patient 
reported a prompt onset of the pain relief, and monitoring for 
adverse side effects such as sedation, nausea, and respiratory de-
pression was not necessary. Since it takes only 2 min to evaluate 

Table 3. Pain Intensity, Pain Relief, and Duration of Hospital Stay in 
the TENS Treatment Group and in the IV Opioid Treatment Group 
(Intention-to-treat Analysis)

TENS group  
(n = 47)

IV opioid group  
(n = 46) P value

VAS before treatment 5.4 (1.6) 5.2 (1.7) 0.505
VAS upon discharge from  

the recovery unit*
1.0 (0.8) 1.1 (1.1) 0.801

Duration of stay in the 
recovery unit (min)

110.5 (48.7) 120.1 (55.2) 0.442

VAS at hospital discharge† 1.5 (1.1) 2.4 (1.9) 0.037
Duration of post-surgical 

hospital stay (min)‡
393.5 (351.2) 452.6 (580.7) 0.300

Data are presented as mean (SD) and median. TENS: transcutaneous 
electrical nerve stimulation, IV: intravenous, VAS: visual analogue scale, 
*P values within groups; TENS < 0.001, IV opioid < 0.001. †TENS n = 
39 (missing n = 8), IV opioid n = 33 (missing n = 13). ‡Duration of post-
surgical hospital stay and stay in the recovery unit; TENS n = 47, IV 
opioid n = 43.

Table 4. Pain Intensity, Pain Relief, and Duration of Hospital Stay in 
the Patients Who Responded to TENS Treatment and IV Opioids (Per 
Protocol Analysis)

TENS group  
(n = 47)

IV opioid group  
(n = 46) P value

VAS before treatment 4.9 (1.6) 4.9 (1.2) 1.000
VAS upon discharge from 

recovery unit
0.7 (0.7) 1.0 (1.0) 0.229

Duration of stay in the 
recovery unit (min)

89.8 (36.3) 122.2 (60.0) 0.008

VAS upon hospital 
discharge*

1.2 (1.1) 2.4 (2.0) 0.020

Duration of post-surgical 
hospital stay (min)†

337.0 (289.4) 477.7 (639.2) 0.512

Data are presented as mean (SD). TENS: transcutaneous electrical nerve 
stimulation, IV: intravenous, VAS: visual analogue scale. *TENS n = 28 
(missing n = 3); IV opioid n = 25 (missing n = 8). †Duration of post-
surgical hospital stay and stay in the recovery unit; TENS n = 31, IV 
opioid n = 31 (missing n = 2).
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for a patient’s response to TENS, it seems to be the preferable 
first choice for treatment of postoperative pain.

In contrast, it takes approximately 30 min to evaluate the 
effect of IV opioid treatment [14]. Hence, initial pain treatment 
with TENS does not delay IV opioid treatment by more than a 
few minutes if the patients do not respond to TENS treatment.

There were 29 crossovers (31.2%) in the study, with no dif-
ferences between the groups. Since it is more difficult to achieve 
adequate postoperative pain relief in patients with long-term 
pain, a possible explanation might be the high percentage of pa-
tients with long-term pain in the crossover group (Table 1) [15]. 
Furthermore, TENS may have had an inferior effect in some 
patients treated with opioids prior to surgery [16].

It is well known that opioids have several side effects, such as 
severe respiratory depression and sedation. Postoperative nausea 
is a less severe side effect, although it is time- and drug-consum-
ing and is unpleasant for the patient. Since all patients received 
general anesthesia and IV morphine during surgery, this might 
be a reason why there were no differences between the groups 
with regard to postoperative nausea.

Clinical implication

In the current study, high-frequency (80 Hz), high-intensity 
(40 to 60 mA) TENS stimulation for 60 s was used and, if need-
ed, repeated once. This is the same treatment model used for 
primary dysmenorrhea, angina pectoris, and surgical abortion 
[12,17,18].

The TENS device delivers electrical impulses through the 
skin using sticky pad electrodes placed on the lower abdomen. 
This causes paresthesia over the area of the abdominal pain and 
alleviates post-surgical pain. For optimum pain relief, adjusting 
the position of the electrodes so that the paresthesia covers the 
area to which the patient localizes the pain seems to be an im-
portant measure. Before the start of the treatment, skin sensibil-
ity should be assessed, since TENS should not be used if there is 
impaired sensibility.

Some patients reported an uncomfortable stimulation during 
the 1 min of the initial stimulation with TENS as a side effect. 
The stimulation lasted only 60 s, and all the women in the TENS 
group were informed that this short period of (uncomfortable) 
high-intensity TENS was needed in order to obtain postoper-
ative pain relief. To ease the patients, the stimulation intensity 
was increased step by step in order to achieve a high-intensity 
level. Aside from the discomfort, TENS has no other known 
acute side effects, and there are no reports of side effects, such 
as sedation and respiratory depression. Skin irritation is another 
reported side effect of long-term TENS treatment, which was 
not observed in the current study, most likely due to the short 
treatment sessions. TENS stimulation also causes disturbances 

in electrocardiogram (ECG) readings, which has previously 
been described [12].

When the TENS device is turned off, the ECG monitor is not 
affected. Since the patients are stimulated for only a short period 
of time, this disturbance of the ECG is not considered harmful 
or clinically significant. In addition, the patients are generally 
healthy young women, and the ECG monitoring is mainly used 
for assessing the respiratory rate. This approach for postopera-
tive pain treatment require regular education and training of the 
staff, as well as easily accessible TENS devices and electrodes.

Limitations of the study

First, as a clinical routine in our institution, patients received 
paracetamol and NSAID during their hospital stay and IV mor-
phine during surgery for preventive analgesia. However, only 
patients reporting pain after surgery in the recovery unit were 
included in the study and hence received treatment for pain.

Second, the indications for undergoing gynecologic laparo-
scopic surgery differed between the groups. However, there was 
no difference with regard to postoperative pain according to the 
VAS scores in the recovery unit prior to the initiation of treat-
ment for pain between the IV opioid and TENS groups. Hence, 
the indication for surgery does not seem to affect the postopera-
tive pain reported by the patients.

Third, for ethical reasons, it was not possible to have a con-
trol group that did not receive treatment of postoperative pain. 
Hence, TENS was compared to IV opioids, which is considered 
‘the gold standard’ for postoperative pain relief.

Fourth, it would have been a great advantage to be able to 
blind the patients and the investigator to treatment allocation. 
However, due to technical and clinical logistical reasons, it was 
not possible to blind the investigators, since it was impossible 
to blind the patients to their treatment allocation results. This 
might have affected the outcome. Nevertheless, it should be em-
phasized that the patients reported their pain intensity using the 
VAS (i.e., the nurse did not estimate or influence the patient’s 
report).

In addition, approximately one third of the patients in both 
groups needed further pain relief and thus crossed over to the 
other treatment arm, indicating that both interventions were 
insufficient for pain control in these patients. The large number 
of crossovers might have affected the results.

Fifth, for the crossover patients, we cannot rule out a possi-
ble carry-over effect of the TENS and the IV opioid treatment 
that might have influenced the results [19]. The results from 
per-protocol analyses indicate that both treatments, IV opioids 
and TENS, were effective, but the initial treatment with TENS 
results in a shorter duration of stay in the recovery unit if the 
patient responds to the treatment. However, the data should be 
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interpreted with caution since the ‘responder to treatment anal-
ysis’ is a subgroup analysis and not the primary ITT analysis.

Sixth, the TENS group reported less pain upon discharge 
from the hospital. However, the data should be interpreted cau-
tiously due to the large number of missing data in both groups.

Conclusions

Both TENS and short-term IV opioids are effective treat-
ments for pain after gynecologic laparoscopic surgery, with 
more than one third of the patients reporting complete pain 
relief. There were no differences between the groups with regard 
to duration of stay in the recovery unit. However, since it is asso-
ciated with a shorter duration of stay in the recovery unit if the 
patient responds to the treatment, TENS seems to be preferable 
as the first line treatmentIn addition, the effect of treatment can 
be assessed quickly and does not delay IV opioid treatment if 
the patients do not respond to TENS treatment. However, more 
than 30% of the patients required further pain relief; any single 
intervention seems to be insufficient for all patients. Further 

randomized controlled trials are needed in order to confirm the 
results of this study.
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