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Background and Aim: In the light of the abundance of various analgesic methods available for analgesia following modified radical 
mastectomy (MRM) (pharmacological or interventional), we aimed to try a very simple technique using a drug combination 
(ketamine–bupivacaine) through wound instillation and to compare it to the reputable PECS-II block using the same drug combination. 
We hypothesized that, with this drug combination, local instillation may achieve a comparable, long lasting, analgesia for almost 
48 hours, with less costly, and simple method.
Patients and Methods: Sixty women scheduled to undergo MRM participated in this study. Patients were randomized to have 
either; ultrasound-guided, modified PECS block (PECS group), or instillation of analgesics into the surgical wound (local instillation 
group). In both groups, we used 1 mg/kg ketamine HCL plus 0.25% bupivacaine HCL in a 30 mL volume. Total consumption of 
rescue morphine, time to 1st analgesic request, numerical rating scale (NRS), hemodynamic effects were recorded over 48 hours 
postoperatively. In addition, the time required to perform either technique and possible side effects were recorded.
Results: Total consumption of rescue morphine, first analgesic request, pain scores, showed no statistically significant differences in 
both groups; the local instillation procedure required a statistically significant shorter time to perform than the PECS procedure. None 
of the groups showed significant differences in the incidence of adverse effects.
Conclusion: Local wound instillation provided a comparable analgesia to PECS-II block following modified radical mastectomy. 
Ketamine–bupivacaine combination prolonged analgesia for almost 2 days.
Keywords: PECS block, wound instillation, ketamine, bupivacaine, modified radical mastectomy

Introduction
Pain after modified radical mastectomy (MRM) may have a significant impact on the quality of life as it may interfere 
with, and seriously affect a patient’s psychological condition.1

Opioids, the corner stone in postoperative pain relief, can result in significant postoperative untoward effects. These 
include sedation, nausea, vomiting, urinary retention, respiratory depression, and postoperative ileus.2

PECS-II block (or “modified PECS blook” according to Blanco et al3) includes laying local anaesthetic between 
pectoralis muscles (major and minor, as in PECS-I) and furtherly between pectoralis minor and the serratus muscle, aims 
to open the “axillary door”, blocking of the serratus region, and lateral branches of the intercostal nerves that exit at the 
level of the mid-axillary line from T2 to T6. According to them, Pecs II block is an easy alternative that produces 
excellent analgesia compared to other, more complex, blocks used for postoperative analgesia in breast surgery.3
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New analgesics and combinations of existing ones are being used to optimize postoperative pain management. 
Ketamine, a well-known anesthetic medication that primarily acts as a noncompetitive antagonist of the N-methyl- 
D-aspartic acid receptors (NMDA), however, it seems to possess a more complex central and peripheral mechanisms of 
action including; interaction with several receptors such as opioid and γ-aminobutyric acid (GABA) receptors and others, 
it also inhibits CNS sensitization which reduces allodynia and hyperalgesia, its metabolites also seem to play a role its 
analgesic effects.4 It has been used successfully (in low, sub-anesthetic, doses) for postoperative pain management. It 
showed an opioid-sparing effect, and thus, it reduces opioid-related side effects.5 Hence, its addition to local anesthetics 
is expected to improve analgesia and prolong its duration.

In this study, we compared PECS-II block that has an excellent reputation in postoperative analgesia following MRM 
to local wound instillation which seems, despite being simple, to be effective. We hypothesized that; local wound 
instillation could provide an analgesia that is comparable to that offered by PECS-II block following MRM, this could be 
valuable where equipment and trained hands for plane blocks are not available. We used a combination of ketamine and 
bupivacaine to provide a longer period of analgesia.

Patients and Methods
Study Setting & Design
This randomized, single-blinded study was approved by the Institutional Review Board of the South Egypt Cancer 
Institute and Ethics Committee of the Faculty of Medicine, Assiut University, Assiut, Egypt, and it was conducted in 
agreement with the Declaration of Helsinki. Written informed consents were obtained from all the participating patients. 
The study was registered at www.clinicaltrials.gov (Number: NCT 05410158) before enrollment of the first patient.

Selection Criteria
All female patients aged 18–65 years, with a confirmed diagnosis of breast cancer, scheduled for modified radical 
mastectomy with a body mass index (BMI) between 18 and 30 kg/m2 were eligible for recruitment.

Patients with one or more of the following criteria were excluded: significant cardiac, respiratory, renal, or hepatic 
disease; alcohol abuse; psychiatric or mental illness that would affect the perception and assessment of pain, history of 
bleeding tendency of any cause, addiction, infection (at or near the site of the planned block), previous surgery in the 
supraclavicular, infraclavicular, or axillary regions.

Sixty patients were included and randomized into two equal groups: the pectoralis nerve block (PECS) group (n = 30 
patients) and the topical instillation group (n = 30 patients). A flowchart of the cases through the study is presented in 
Figure 1.

Methodology
Preoperatively, patients were given a tutorial on how to evaluate their own pain intensity using, a 0 to 10, “Numerical 
Rating Scale” (NRS); (where 0 = no pain and 10 = worst pain imaginable). All patients were given oral midazolam 5 mg 
as a premedication at the night previous to surgery.

At OR time, an intravenous line was already there in the upper limb contralateral to the side of the surgery. Standard 
ASA monitoring probes were applied including electrocardiography (ECG), noninvasive blood pressure (NIBP), arterial 
oxygen saturation (SaO2), and end-tidal carbon dioxide (EtCO2).

All patients received general anaesthesia following the same protocol to provide a balanced anaesthesia without the 
use of any moderate, or long, -acting analgesics that could affect our results. Induction was accomplished using fentanyl 
2 µgm/kg, lidocaine 1mg/kg, propofol 2 mg/kg, endotracheal intubation was facilitated by rocuronium 0.6 mg/kg. 
Maintenance of anaesthesia was done using sevoflurane inhalation in a mixture of oxygen and air. Mechanical ventilation 
was provided using settings to maintain an EtCo2 of 35–45 mmHg. At the end, reversal of muscle relaxation was done 
using sugammadex 2 mg/kg. Intraoperative euvolemia and normothermia were maintained.
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PECS Block Group (PBG)
Patients were administered a total volume of 30 mL of 0.25% bupivacaine hydrochloride (Markyrene® Sigma Tec, 
Egypt) and ketamine hydrochloride (1 mg/kg) (Ketamine® Sigma-Tec, Egypt). The PECS-II block was performed after 
induction of general anesthesia and before skin incision, while the patient was in the supine position with the ipsilateral 
upper limb abducted 90° after local site preparation and draping, using an 80 mm 21 G needle (Pajunk® SonoPlex Stim 
cannula U.S.A) with a high-frequency linear array ultrasound probe (Sonosite®, Inc. U.S.A)., starting from the outer third 
of the clavicle as in PECS-I and moving caudally and outwards to the midaxillary line, then pectoralis minor and serratus 
anterior were identified by moving laterally. While moving the probe laterally, the second rib, just under the axillary 
artery, and the third rib are both identified, then moving furtherly lateral shows the fourth rib, where injection of local 

Figure 1 Flow chart of the current study. 
Abbreviation: PECS, pectoralis nerve block.
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anesthetic between pectoralis major and minor (10 mL) and then a little deeper between pectoralis minor and serratus 
anterior muscles (20 mL) was done. Skin incision was performed after surgical site preparation and draping, allowing 
a period of 15 minutes after the block was performed.

Topical Instillation Group (TIG)
After breast excision and subsequent surgical hemostasis were accomplished, patients received 1 mg/kg ketamine 
hydrochloride in 30 mL of 0.25% bupivacaine hydrochloride, which was already prepared in a sterile syringe and 
irrigated, evenly, into the surgical bed just before wound closure. To allow maximum contact between the study 
medications and the tissues, the suction drains were kept closed for 30 minutes after the end of surgery.

Follow up
All patients were evaluated at baseline, one, 2, 4, 6, 12, 24, 36, and 48 hours postoperatively for vital signs (heart rate, 
non-invasive arterial blood pressure, respiratory rate, and oxygen saturation) and NRS scores. Upon evaluation of 
postoperative pain, and whenever NRS was 3 or more, rescue analgesia was given in the form of intravenous morphine 
bolus slow injection of 0.05 mg/kg). The time to the first request for rescue analgesia and total morphine consumption 
within 48 hours were recorded.

In addition, possible side effects were recorded and managed accordingly, this included; the incidence of sedation, 
chest pain, nausea, vomiting, respiratory depression, pruritus, psychological complications (hallucination, delirium, 
dreams, nystagmus, dissociative effects), and traumatic injuries (including development of hematoma) at the local 
block site.

Outcome Measures
● Our primary outcome measure was the total dose of morphine consumed during the first 48 hours postoperatively.
● Secondary outcome measures were postoperative NRS score, time to first request for rescue analgesics, number of 

rescue analgesic doses, and possible untoward effects.

Sample Size Calculation
No previous studies have compared the analgesic efficacy of local anesthetics in pectoralis plane block versus local 
instillation into the surgical wound; however, based on other studies that investigated the effect of using local anesthetics 
in peripheral nerve blocks and other studies using local anesthetic instillation for postoperative analgesia with an 
expected background standard deviation of 1.0, an alpha error not exceeding 0.05 and a power of 80%, we estimated 
that 28 patients in each group would be required. To compensate for dropouts, 30 patients were recruited from each group 
to account for random errors and additional comparisons.

Statistical Analysis
Data were collected and analyzed using SPSS® (Statistical Package for the Social Sciences, version 20, IBM, Armonk, 
New, USA). The Shapiro test was used to determine compliance of the data to a normal distribution. Quantitative data are 
expressed as mean ± standard deviation (SD) and compared using Student’s t-test. Nominal data are presented as number 
(n) and percentage (%). Chi2 test was performed for these data. The level of confidence was maintained at 95%; hence, 
P P-value < 0.05, was considered significant.

Results
Both groups showed no significant differences in baseline data (Table 1). However, the duration of local instillation was 
significantly shorter (Figure 2) (12 ± 2.92 vs 1.70 ± 0.54 (minute); p< 0.001) in PECS group and topical instillation 
group, respectively.

Both groups showed insignificant differences in the post-operative assessment of hemodynamics. There was also no 
difference in NRS scores between the groups (Figure 3, Table 2) (p> 0.05).
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There was no significant difference between the two studied groups as regard the time to first request of rescue 
analgesic (14.4 ± 15.24 vs 13.2 ± 14.22 hours; p = 0.75) in PECS group and topical instillation group, respectively, and 
the total morphine consumption (2.43 ± 2.57 vs 2.37 ± 2.58 mg; p = 0.92) in PECS group and topical instillation group, 
respectively (Table 3).

Reported Side Effects in the Studied Groups
Both groups had insignificant differences with regard to the overall frequency of side effects, with the majority (63.3% in 
the PECS group and 70% in the topical instillation group) of both groups reporting no side effects. Eleven (36.7%) and 
seven (23.3%) patients suffered from vomiting in the PECS and topical instillation groups, respectively. Sedation was 
reported in only two patients who underwent topical instillation.

Discussion
The main findings of the current study included; both techniques had similar total dose of morphine consumption, pain 
score values (NRS), time to first request of rescue analgesic, with only minimal quantitative differences between the two 

Table 1 Baseline Data and Operative Time of the Studied Groups

PECS Group (n= 30) Topical Instillation Group (n= 30) P value

Age (years) 51.13 ± 9.54 50.33 ± 7.84 0.45

BMI (kg/m2) 26.19 ± 3.03 26.23 ± 1.78 0.95

ASA class 0.60

Class-I 18 (60%) 19 (63.3%)

Class-II 12 (40%) 11 (37.7%)

Affected side 0.50

Right 15 (50%) 14 (46.7%)

Left 15 (50%) 16 (53.3%)

Duration of technique (minute) 12 ± 2.92 1.70 ± 0.54 < 0.001*

Notes: Data expressed as mean (SD), frequency (percentage). P value was significant (*) if < 0.05. 
Abbreviations: PECS, pectoralis plane block; ASA, American Society of Anesthesiologists; BMI, body mass index.

Figure 2 Mean time of each procedure in the current study. 
Abbreviations: PECS, Pectoralis plane block.
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groups that was of no clinical significance. Local instillation procedure required significantly shorter time to be 
performed in comparison to PECS block.

Various techniques have been used to alleviate postoperative pain after MRM.6 However, these techniques are 
arduous and technically demanding; they require costly equipment (imaging devices, needles, and catheters) that are 
not available everywhere, and they require time for training to achieve better performance including higher success and 
lower complication rates.

Speaking about the available simple postoperative analgesic techniques that were found to be useful for postoperative 
analgesia for several types of surgery is the wound infiltration (WI) with local anesthetics. However, WI, whether done 
through single injection or continuous wound infiltration (CWI), requires additional time at the end of surgery to be 

Figure 3 Postoperative numeric rating scale in the studied groups. 
Abbreviations: PECS, Pectoralis plane block.

Table 2 Post-Operative Assessment of NRS Among the Studied Groups

NRS PECS Group (n=30) Topical Instillation group (n=30) P value

Baseline 1.53 ± 0.95 1.43 ± 1.00 0.44

2nd hour 1.33 ± 0.90 1.30 ± 0.92 0.78

4th hour 1.63 ± 0.95 1.77 ± 0.97 0.49

6th hour 1.57 ± 0.94 1.83 ± 0.91 0.32

12th hour 1.90 ± 0.92 2.10 ± 0.96 0.08

24th hour 2.13 ± 0.91 2.27 ± 0.98 0.77

36th hour 2.00 ± 0.90 2.00 ± 0.95 0.66

48th hour 1.70 ± 0.94 2.03 ± 0.92 0.24
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accomplished and CWI involves placement of special catheters, which are costly. Furthermore, it still possess the 
potential of untoward effects including; wound infection, hematoma formation, catheter leakage, kinking or occlusion, 
with failure to infuse, and unintentional removal.7

The present study showed that topical instillation was comparable to the PECS block regarding postoperative pain 
control, as evidenced by the total morphine consumption and the duration of postoperative analgesia that was monitored 
by NRS values for 48 hours.

Shamim and Perveen concluded that instillation of bupivacaine via surgical drains into MRM (with axillary lymph 
node dissection) wound offered a good analgesia and had a painkiller – sparing effect. With subsequent rapid recovery 
and better overall performance. Yet, they did not explore the effect of adding adjuvants to local anesthetics.8

Jonnavithula and others have found that local anesthetic application into post-mastectomy wound is an efficacious, 
simple method of postoperative analgesia that has been studied frequently in the last few years.9 This was agreed with by 
Chhatrapati and his colleagues who found that wound instillation, is a noninvasive effective method providing post
operative analgesia following MRM in comparison to other available, more-invasive, modalities.10

Ketamine is an anesthetic drug that is of valuable criteria regarding postoperative analgesia. Confirming the potential 
local effects of ketamine, is the fact that N-methyl-D-Aspartate Receptors (NMDA), which are considered the primary 
site of action of ketamine, were found to be present on peripheral primary afferent neurons in the hairy skin of humans.11

Peripheral mechanisms of action of ketamine include binding to several types of receptors including; opioid receptors, 
muscarinic and nicotinic cholinergic receptors, D2 and 5-HT2 receptors, it acts by inhibiting receptor ion channels 
(Na+, Ca+2, K+). It has some peripheral cellular effects including decreased activation and migration of microglia and 
inhibition of production of inflammatory mediators.12

We hypothesized, in this study, that comparing these two techniques of postoperative analgesia in patients undergoing 
mastectomy would be interesting, as both are tried before (solely) with successful results. Thus, there is a great chance of 
successful postoperative analgesia, but the following questions are still to be answered; could this analgesia last – with 
the use of ketamine as an adjuvant – for 48 hours with an opioid sparing effect? And if both techniques are comparably 
effective, then why we do not use the more simple, less invasive “instillation” technique with lower cost?

El Sherif and others13 investigated the analgesia offered by ketamine instillation in three different doses of 1, 2, and 
3 mg/kg on both acute and chronic postmastectomy pain for 48 hours and for 6 months, respectively. The three doses 
were effective and satisfactory to patients with minimal side effects. Moreover, patients who received 3 mg/kg ketamine 
showed the best results with the lowest VAS and no need for PCA rescue morphine during the study, and they did not 
develop chronic pain during the six-month period of follow-up.

Moharari and colleagues14 concluded that lidocaine gel mixed with ketamine applied into the urethra alleviated pain 
during outpatient rigid cystoscopy. Nejat and his colleauges15 also found that when ketamine was added to local 
intranasal lubricating gel, it markedly improved nasogastric tube insertion pain.

In contrast, a study by Fredman et al16 found that repeated wound instillation of 0.25% bupivacaine solution 
following major abdominal surgery, did not decrease postoperative pain or opioid consumption. The authors explained 
that by the possible lack of even distribution and spread of the drug, and by the possible insufficient dose of the local 
anesthetic.

Talbot17 who irrigated local anesthetics into the axillary drains, following a modified radical mastectomy found that it 
did not improve much postoperative analgesia in some patients. They referred that to possibly mis-positioned drains, or 

Table 3 Time to 1st Analgesia Request and Morphine Consumption in Both Groups

PECS Group (n= 30) Topical Instillation Group (n= 30) P value

Time to first analgesic request (hour) 14.4 ± 15.24 13.2 ± 14.22 0.75

Morphine consumption (mg) 2.43 ± 2.57 2.37 ± 2.58 0.92

Note: Data expressed as mean ± (SD). P value was significant (*) if < 0.05. 
Abbreviation: PECS, pectoralis plane block.
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to possible blockade of some drains holes with lack of uniform distribution of the local anesthetic solution, and 
recommended further refinement of that technique in the future studies.

The differences observed in the duration of analgesia even after administration of standardized weight-based dosages 
with the same volume and concentration of local anesthetic can be attributed to the variation in the anatomical structure 
of the deep fascia and the pathway of nerves through the fascial layers.18 Our results regarding the time to first request for 
rescue analgesia for both techniques, were comparable to data from previous studies.19–21

Many studies have demonstrated the efficacy of local ketamine infiltration for acute pain management. For example; 
Mohamed et al22 concluded that surgical wound infiltration with ketamine at a dose of 2 mg/kg added to bupivacaine 
reduced the total opioid consumption, delayed the first request of rescue analgesic, and blunted the postoperative stress 
response. Furthermore, Javid et al23 compared subcutaneous to intravenous ketamine when both were added to narcotic 
agents, and they found that subcutaneous ketamine was of comparable efficacy to intravenous ketamine, yet it was more 
safe as it avoided the systemic untoward effects.

Also, Othman et al,24 who followed his patients for 48 hours, found that adding 1 mg/kg of ketamine to the local 
anaesthetic in a modified pectoral block, was associated with increased time to the first request of rescue analgesic and it 
had an opioid sparing effect.

Using ketamine, whether injected into the fascial planes, or instilled directly into the open wound most probably 
bypasses systemic absorption and consequently minimizes the side effects observed when using IV or IM forms of 
ketamine. Honarmand et al25 revealed no significant hypotension or bradycardia associated with local ketamine in 
comparison to other systemic forms. Furtherly, El Sherif et al,13 found no ketamine- related side effects in their study that 
included using ketamine in different doses up to 3 mg/kg.

The absence of ketamine well-known side effects (confusion, dizziness, dissociation, hallucinations, nystagmus, chest 
pain) in our patients is in agreement with the results reported by other studies,26,27 which could be referred to the use of 
low dose of ketamine and possible slow release of it into the systemic circulation.

In fact, the side effect profile of our patients was favorable, as it only included the occurrence of vomiting in some 
cases in both groups, this could be attributed to many reasons that are common in both groups of the study, all of our 
patients are females, and being a female is a risk factor for postoperative nausea and vomiting. Moreover, postoperative 
nausea and vomiting was reported as one of the most common complications postoperatively, with higher incidence in 
women undergoing cancer surgery, as most of these patients are exposed, at some time in their course of treatment, to 
chemotherapy.28–30 Following mastectomy, it was reported that the incidence of PONV is as high as 80%.31–33 The use of 
ketamine may be responsible, at least in-part, for some of these cases as nausea and vomiting are among its side effects.

We can say that our results are in concordance with almost all of the results regarding the beneficial analgesic effect 
of both PECS block or local wound instillation with the addition of ketamine in both groups. However, and up to our 
knowledge, it is the first time to compare analgesia from both techniques (PECS block and local instillation) to each 
other. This may sound “silly” to some (comparing an ultrasound-guided plane block to a simple wound “instillation”), 
however, we think that achieving the main goal, that in our case is; postoperative analgesia, with the simplest, easiest, 
least costly and least invasive technique is a universal target for all practicing physicians in their respective fields.

We are not recommending here to abandon the use of ultrasound – guided PECS block, it is a successful and safe 
technique that has been practiced for years with great results, we are just advising that when the needed equipment are 
not available, or when trained physicians on such a block are lacking in a health facility that used to have that kind of 
surgeries, then the “local-wound instillation” method should be considered as an efficacious alternative.

There is a number of limitations in the current study, these include; the relatively small sample size, the lack of 
a control group, the lack of assessment of intraoperative haemodynamics (which could reflect better analgesia in the 
PECS-II group taking into consideration the timing of the block that was pre-emptive) and the lack of assessment of the 
risk of chronic pain development. We recommend these points to be considered and avoided, as possible, if further 
research in this respect is to be performed.
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Conclusion
Local wound instillation had an analgesic efficacy that is comparable to that of modified PECS block using ketamine– 
bupivacaine combination following MRM. Local instillation had the advantages of being simple, less time-consuming, 
less invasive, and less costly.
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