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effects by using adrenaline infiltration and topical adrenaline
during skin graft harvest
Chethan L1*, Harish Kumar P2, Ramesh Kumar Sharma3, Sandhya Yaddanapudi4
1

D EPARTMENT OF PLASTIC S URGERY, JSS M EDICAL C OLLEGE AND H OSPITAL, MYSURU, K ARNATAKA, I NDIA

2

D EPARTMENT OF ANAESTHESIA, JSS M EDICAL C OLLEGE AND H OSPITAL, M YSORE , K ARNATAKA, I NDIA

3

D EPARTMENT OF PLASTIC S URGERY, PGIMER, CHANDIGARH

4

D EPARTMENT OF ANAESTHESIA, PGIMER, C HANDIGARH

ABST RACT
Background. Burn surgery is associated with high blood loss to both the donor
and recipient site. Although various techniques for reducing intraoperative blood
loss have been described, topical adrenaline and adrenaline infiltration have
significantly reduced blood loss. The present study compared blood loss to the
donor site and acute cardiovascular effects (such as heart rate/ HR and blood
pressure/ BP), by using adrenaline infiltration and topical adrenaline while
harvesting the skin graft in the same patient, but in a different place. Materials
and Methods. It is a prospective study that included 50 patients, all undergoing
skin graft harvesting using method 1 and local adrenaline - method 2, in different
locations. Blood loss and acute cardiovascular effects were assessed and
compared between two methods. Results. Blood loss at the donor site is
significantly lower in adrenaline infiltration compared to topical infiltration
(4.7±0.6 ml vs 10.4±1.2 ml, p<0.001). Compared to baseline, the mean increase
in HR and BP was significantly higher after adrenaline infiltration than topical
adrenaline, but for a short period of time. Changes in HR values were larger than
in BP. Conclusions. Our study showed that adrenaline infiltration was better than
topical adrenaline in conserving blood loss, but acute cardiovascular effects
(increased BP and HR) were greater after infiltration, being clinically
insignificant and requiring no treatment.

Introduction
A wide variety of techniques have been described to
reduce intraoperative blood loss at both the recipient site
and the donor site. These include the application of topical
epinephrine with or without thrombin to excised wounds
and/or donor sites, and subcutaneous infiltration of
vasoconstrictors such as epinephrine [1,2]. Some studies
have assessed topical epinephrine combined with
subcutaneous epinephrine at only specific skin graft donor
sites, such as the scalp [3]. Others have examined
infiltration of epinephrine beneath all burn wounds and
donor sites, but have not reported whether tourniquets were
used adjunctively [4]. Still others have reported
subcutaneous epinephrine infiltration without use of
topical epinephrine application [5].
Historically, burn wound excision and skin graft
closure have been associated with substantial intra-
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operative blood loss [6-9]. However, epinephrine
tumescence of burn wounds and donor sites, combined
with the use of topical epinephrine, has significantly
reduced blood loss during burn surgery [4,10-13]. The
acute systemic effects of the administered epinephrine
(both subcutaneous and topical) are incompletely
understood. Although the majority of investigators have
reported no significant adverse cardiovascular effects
[3,12,14-17], others have described episodes of
tachycardia and/or hypertension related to the
administration of epinephrine during burn surgery [18,19].
Unfortunately, interpretation of these studies is
complicated by variability in the injected volumes and
concentrations of the epinephrine solutions, by the
anecdotal nature of many of the observations, and by the
absence of detailed prospective monitoring of
cardiovascular parameters during and after epinephrine
administration. No prospective studies have specifically
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examined the cardiovascular responses to subcutaneous
and topical epinephrine during burn surgery.
According to our data, there are still no studies
comparing blood loss using adrenaline infiltration and
topical adrenaline at the donor site in the same patient. The
current study aims to compare the blood loss at the donor
site and the changes in cardiovascular effects induced by
the two methods, and to show which is superior in
preserving blood loss during skin graft harvesting.

Materials and Methods
This prospective study was conducted at the
Postgraduate Institute of Medical Education and Research
[PGIMER], in the Departments of Plastic Surgery and
Anaesthesia & Intensive Care, for a period of two years.
Patients undergoing superficial skin graft surgery during
this period were included in the study. All fifty patient
underwent skin graft harvest using Adrenaline solution
1:5,00,000 (2 mL of 1:1,000 adrenaline in 1 liter of warm
injectable normal saline). Area of skin graft taken was
50cm2. Patients who are having skin diseases like
pemphigus diseases, necrotizing fasciitis, cardiac diseases,
hypertension (>150/90 mm of Hg) were excluded from
study. Blood loss during skin grafting at the donor site and
acute effects on cardiovascular system, such as BP and HR,
have been noted in the two methods.
Method 1
Skin was prepared by painting and draping. Baseline
blood pressure and heart rate were noted. 1:5,00,000
adrenaline solution (2mL of 1:1,000 adrenaline in 1 liter of
warm injectable normal saline) infiltration has given at the
donor site by using 10ml syringe attached to 18-gauge
needle. The infusion was by hand pressure. The skin was
infiltrated until it became firm (approximately 30ml).
Blood pressure and heart rate was noted after 1minute,
2minutes, 3minutes, 4minutes, 5minutes, 10minutes and
15minutes of adrenaline infiltration. The skin graft was
taken after 15 minutes of infiltration using the manual
dermatome or Humby’s knife. The excised donor site was
covered by serial application of weighed saline soaked
gauze pads for 15mins, and the weight of the blood-soaked
gauze pads was noted in grams. Blood loss was estimated
by subtracting the weight of saline soaked gauze pads from
that of blood-soaked gauze pads.
Method 2
It was performed on the same patient 5 minutes after
the completion of the above procedure. Skin was prepared
by painting and draping for the second graft. Baseline
blood pressure and heart rate was noted. Graft was taken
from the donor site by using manual dermatome or
Humby’s knife. Excised donor site was covered by serial
application of weighed gauze pads soaked in 1:5,00,000
adrenaline solution (2 ml of 1:1,000 adrenaline in 1 liter of

warm injectable normal saline) for 15 minutes and weight of
the blood-soaked gauze pads noted in grams. Blood loss and
blood pressure, heart rate was noted as done in method 1.
Then, blood loss and acute effects on cardiovascular
system, such as blood pressure and heart rate were
compared between method-1 and method-2 by statistical
analysis.
Statistical analysis
Data were expressed in mean ± SD and percentage. For
analysis, percentage change (from the baseline) in blood
pressure and heart rate were calculated using the following
formula: Percentage change in BP or HR =
= recorded BP or HR-Baseline BP or HR × 100
Baseline BP or HR
The data were compared between the two methods by
using Student’s paired t-test. P-value<0.05 was considered
as statistically significant.

Results
Fifty patients were enrolled in this prospective study.
Blood loss and acute cardiovascular effects, such as blood
pressure (BP) and heart rate (HR), were noted after the two
methods in all these 50 patients. The mean ± SD (range)
age of the patients was 31.9±11.6 (15-50 years). Males
were 40 (80%) and females were 10 (20%). In 23 patients
(46%) graft was taken from the right thigh, while in the
remaining 27 patients (54%) graft was taken from the left
thigh (Table-1).

The mean blood loss was 4.7±0.6 grams in method-1
and 10.4±1.2 grams in method-2. A comparison of two
methods shows that blood loss was significantly less in
method-1, with a p-value <0.001 (Figure 1).

Figure 1. Appearance in the case of the two methods
studied
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BP and HR were noted at baseline and 1, 2, 3, 4, 5, 10
and 15 minutes after adrenaline infiltration or topical
application. For analysis, the percentage change from
baseline in blood pressure and heart rate was calculated
using the formula presented above.
The maximum change in SBP occurred at 2nd minute
with both infiltration and topical methods (5.0±4.5 vs
2.1±2.6 respectively). Change in SBP was statistically
different at all measurement times (1 minute to 15 minutes)
between the two methods (Table 2 and Figure 2).

Figure 3, showing mean % change in DBP
An increase in DBP of >10% from baseline occurred in
8 of 50 patients with method-1 at the 2nd minute, compared
to 2 with method-2 at the 4th minute. The maximum change
in HR occurred at the 2nd minute with both infiltration and
topical methods (9.0±6.0 vs 2.8±2.8 respectively). The
change in HR was statistically different at all the
measurement time points (1 minute to 15 minutes) between
the two methods, with more change occurring after
infiltration method (Table 4 and Figure 4). An increase in
HR of >10% from baseline occurred in 21 of 50 patients
with method-1 at the 2nd minute compared to 2 with
method-2 at the 4th minute. No arrhythmias were found in
this study.

Figure 2, showing mean % change in SBP
An increase in SBP of >10% from baseline occurred in
3 of 50 patients with method-1 at the 2nd minute, compared
to 1 with method-2 at the 5th minute. The maximum change
in DBP occurred in the 2nd minute with both infiltration and
topical methods (5.0±4.7 vs 2.4±3.7 respectively). The
change in DBP was statistically different only for 1 to 3
minutes between the two methods and was more with the
infiltration method (Table-3 and Figure 3).

Figure 4, showing mean % change in HR
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Discussion
Burns are associated with a large amount of blood loss.
The surgical treatment of the burn wound can also cause
substantial intra-operative blood loss (both from excised
wounds and from donor sites), which can lead to increased
blood transfusion requirements [20-23]. The surgeon has
many techniques available to reduce intraoperative blood
loss, including the use of hot laparotomy towels, pressure
dressings, tourniquets, electrocautery, topical thrombin,
topical epinephrine, and subcutaneous epinephrine
injection [24-26]. Epinephrine tumescence of burn wounds
and donor sites, combined with the use of topical
epinephrine, significantly reduced blood loss during burn
surgery [4,10-13]. The acute systemic effects of the
epinephrine administration (both subcutaneous and
topical) are incompletely understood. Although most
investigators have reported no significant adverse
cardiovascular effects [3,12,14,15-17], others have
described episodes of tachycardia and/or hypertension
related to the administration of epinephrine during burn
surgery [18,19]. Unfortunately, the interpretation of these
studies is difficult due to the variability of the injected
volumes and the different concentrations of epinephrine
solutions used.
The main findings of this study were as follows. (1)
Total blood loss was small with both methods. However, it
was significantly lower with adrenaline infiltration
compared to topical adrenaline (10 ml vs. 5 ml). (2) In
general, the increase in BP and HR after adrenaline was
minimal. The maximum increase in BP compared to the
initial value was on average 5%, and that of HR was 9%.
(3) Hemodynamic changes were more frequent and
occurred earlier after adrenaline infiltration than after
topical adrenaline. (4) Changes in HR were more than
those in BP. The hemodinamic changes lasted for a short
time. In this study, both infiltration of adrenaline and
topical adrenaline were used at different donor sites in the
same patient, thus reducing the interpatient variability. The
results of the study can therefore be considered valid
despite a small sample size. Blood loss and acute
cardiovascular effects depends on many factors, such as the
area of excision of the graft, the concentration and volume
of adrenaline injected or applied, the time between
injection and excision.
Returning to previous studies, Cartotto et al.
investigated in their prospective study blood loss, the need
for transfusion, and wound infection in the first group
compared to the second group; this study did not report
separately the effect of adrenaline, topical adrenaline and
the use of tourniquets [10]. The reduced blood loss in the
first group was due to the combined effect of all three
techniques. Gomez et al. showed in their retrospective
study that the modified tumescent surgical technique

significantly reduced the intra-operative and total blood
transfusion requirements than the traditional surgical
technique. They used compresses soaked in an adrenalinethrombin solution. Also, this study did not report the effect
of the individual technique (reporting only the effects on
transfusion requirements) and no estimate of blood loss
was made. Yet, this study does not assess the incidence of
perioperative systemic cardiovascular adverse reactions
(arrhythmias, tachycardia and hypertension) of topical
application of saline-adrenaline solution (topical and
subcutaneous injection) [27]. It should be noted that the
transfusion rate is not an accurate measure of blood loss.
Djurickovic et al. demonstrated that both tourniquets and
epinephrine injected under the eschar during burn wound
excision significantly reduced blood loss. In this study,
blood loss was calculated by determining the difference
between preoperative and postoperative hemoglobin
values and the volume of whole blood administered
between them, not taking into account the amount of blood
lost intraoperatively [28].
There are conflicting data in the literature regarding the
systemic effects of subcutaneous and topical epinephrine
during burn surgery. Several studies suggest that there are
no significant cardiovascular effects (being minimal, if
any) associated with subcutaneous administration of
epinephrine
during
the
tumescent
technique
[3,12,13,15,28]. A major limitation common to all of these
studies is the lack of specific and detailed cardiovascular
monitoring during and after epinephrine infiltration. Only
one study described how often observations of vital signs
were made [15]. The method and frequency of
cardiovascular monitoring were not disclosed in the others
[3,12,13,28]. There were also substantial variations in the
concentration and dose of epinephrine administered, as
well as the type of wound that was infiltrated (i.e., donor
site vs. burn wound).
In our study, the concentration and dose of adrenaline
infiltration were constant in all patients and only the donor
site was selected. There has been a significant increase in
BP and HR in the infiltration method compared to the
topical method, but clinically no intervention or treatment
was required for this change.
Robertson et al, noted a statistically significant increase
in the HR and MAP associated with epinephrine
tumescence [19]. Although these changes were statistically
significant, they were considered small and clinically
irrelevant. Again, the technique and frequency of
cardiovascular monitoring have not been described.
Cartotto et al. reported that in consecutive patients who
received subcutaneous and topical epinephrine during burn
surgery were monitored before epinephrine administration
and then after epinephrine infiltration [29]. This
monitoring period lasted up to 20 minutes; there was
no significant increase in heart rate from baseline
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and no arrhythmias occurred. Mean arterial pressure
(MAP) increased acutely. The increase in MAP
was not clinically significant, it did not require
intervention. In the present study, there was a significant
change in HR after infiltration compared to the local
one, but clinically it does not require any intervention
or treatment.
Lee et al. reported that a 26-year-old woman developed
premature ventricular complexes and ventricular
tachycardia during surgery when she was given an
epinephrine-soaked application to the donor's skin and
burnt wound sites to control bleeding [30]. The patient was
resuscitated immediately and within 10 minutes the vital
signs returned to normal. Caution is advised when applying
soaked epinephrine to a large area of skin, especially a
burnt wound.
In other study, Missavage et al. showed that the
administration of either topical or clysed epinephrine
during acute burn excision does not cause any side effects
for safe anesthetic management; there were no detectable
increased plasma levels of epinephrine or norepinephrine
[15]. Epinephrine provides the burnt surgeon with two safe
methods for controlling intraoperative blood loss.
Our study showed that adrenaline infiltration was better
than topical adrenaline in preserving blood loss, but acute
cardiovascular effects, such as increased BP and HR, were
greater after infiltration. The changes in BP and HR were
clinically insignificant and did not require any treatment or
intervention.
Limitations of this study
The type of anesthesia (general or spinal anesthesia)
and the anesthetic drugs used were not standardized and
could have had an impact on the hemodynamic parameters.
The amount of adrenaline in the soaking was
impossible to measure, a problem observed in the previous
study [29].
The hemodynamic effects observed in the study depend
on the amount of adrenaline used. These effects are
expected to be different when using a higher volume of
adrenaline for larger graft areas.

Conclusions
In conclusion, our study showed that adrenaline
infiltration was superior to topical adrenaline in reducing
the blood loss during skin graft harvesting. The increase in
BP and HR was not clinically significant and did not
require any intervention or treatment. The technique seems
to be safe and has been easily adopted by surgeons.

Conflict of interest disclosure
There are no known conflicts of interest in the
publication of this article. The manuscript was read and
approved by all authors.
60

Compliance with ethical standards
Any aspect of the work covered in this manuscript has
been conducted with the ethical approval of all relevant
bodies and that such approvals are acknowledged within
the manuscript.

References
1. Kim H, Shin S, Han D. Review of History of
Basic Principles of Burn Wound Management.
Medicina (Kaunas). 2022 Mar 7;58(3):400. doi:
10.3390/medicina58030400
2. Ofodile FA, Sadana MK. The role of topical thrombin
in skin grafting. J Natl Med Assoc. 1991 May;83(5):
416-8.
3. Barret JP, Dziewulski P, Wolf SE, Desai MH, Nichols
RJ 2nd, Herndon DN. Effect of topical and
subcutaneous epinephrine in combination with topical
thrombin in blood loss during immediate near-total
burn wound excision in pediatric burned patients.
Burns. 1999 Sep;25(6):509-13. doi: 10.1016/s03054179(99)00038-8
4. Kahalley L, Dimick AR, Gillespie RW. Methods to
diminish intraoperative blood loss. J Burn Care
Rehabil. 1991;12(2):160-1. doi: 10.1097/00004630199103000-00015
5. Hughes WB, DeClement FA, Hensell DO. Intradermal
injection of epinephrine to decrease blood loss during
split-thickness skin grafting. J Burn Care Rehabil.
1996 May-Jun;17(3):243-5. doi: 10.1097/00004630199605000-00011
6. Budny PG, Regan PJ, Roberts AH. The estimation of
blood loss during burns surgery. Burns. 1993
Apr;19(2):134-7. doi: 10.1016/0305-4179(93)90036-8
7. Moran KT, O'Reilly TJ, Furman W, Munster AM. A
new algorithm for calculation of blood loss in
excisional burn surgery. Am Surg. 1988 Apr;54(4):2078.
8. Steadman PB, Pegg SP. A quantitative assessment of
blood loss in burn wound excision and grafting. Burns.
1992;18(6):490-1. doi: 10.1016/0305-4179(92)90182-t
9. Housinger TA, Lang D, Warden GD. A prospective
study of blood loss with excisional therapy in pediatric
burn patients. J Trauma. 1993 Feb;34(2):262-3. doi:
10.1097/00005373-199302000-00015
10. Cartotto R, Musgrave MA, Beveridge M, Fish J,
Gomez M. Minimizing blood loss in burn surgery. J
Trauma. 2000;49(6):1034-9. doi: 10.1097/00005373200012000-00010
11. Janezic T, Prezelj B, Brcić A, Arnez Z, Zaletelj-Kragelj
L. Intraoperative blood loss after tangential excision of
burn wounds treated by subeschar infiltration of
epinephrine. Scand J Plast Reconstr Surg Hand Surg.
1997;31(3):245-50. doi: 10.3109/02844319709051538

Blood loss and cardiovascular effects induced by adrenaline in skin graft harvest

12. Sheridan RL, Szyfelbein SK. Staged high-dose
epinephrine clysis is safe and effective in extensive
tangential burn excisions in children. Burns. 1999;
25(8):745-8. doi: 10.1016/s0305-4179(99)00088-1
13. Beausang E, Orr D, Shah M, Dunn KW, Davenport PJ.
Subcutaneous adrenaline infiltration in paediatric burn
surgery. Br J Plast Surg. 1999 Sep;52(6):480-1. doi:
10.1054/bjps.1999.3161
14. Brezel BS, McGeever KE, Stein JM. Epinephrine v
thrombin for split-thickness donor site hemostasis. J
Burn Care Rehabil. 1987 Mar-Apr;8(2):132-4. doi:
10.1097/00004630-198703000-00009
15. Missavage AE, Bush RL, Kien ND, et al. The effect of
clysed and topical epinephrine on intraoperative
catecholamine levels. J Trauma. 1998; 45(6):1074-8.
doi: 10.1097/00005373-199812000-00018
16. Farny B, Fontaine M, Latarjet J, Poupelin JC,
Voulliaume D, Ravat F. Estimation of blood loss during
adult burn surgery. Burns. 2018 Sep;44(6):1496-1501.
doi: 10.1016/j.burns.2018.04.019
17. Glasson DW. Topical adrenaline as a hemostatic agent.
Plast Reconstr Surg. 1984 Sep;74(3):451-2. doi:
10.1097/00006534-198409000-00033
18. Snelling CF, Shaw K. The effect of topical epinephrine
hydrochloride in saline on blood loss following
tangential excision of burn wounds. Plast Reconstr
Surg. 1983 Dec;72(6):830-6. doi: 10.1097/00006534198312000-00016
19. Robertson RD, Bond P, Wallace B, Shewmake K, Cone J.
The tumescent technique to significantly reduce blood
loss during burn surgery. Burns. 2001 Dec;27(8):8358. doi: 10.1016/s0305-4179(01)00057-2
20. Steadman PB, Pegg SP. A quantitative assessment of
blood loss in burn wound excision and grafting. Burns.
1992;18(6):490-1. doi: 10.1016/0305-4179(92)90182-t
21. Gray DT, Pine RW, Harnar TJ, Marvin JA, Engrav LH,
Heimbach DM. Early surgical excision versus
conventional therapy in patients with 20 to 40 percent
burns. A comparative study. Am J Surg. 1982 Jul;
144(1):76-80. doi: 10.1016/0002-9610(82)90605-5
22. Engrav LH, Heimbach DM, Reus JL, Harnar TJ,
Marvin JA. Early excision and grafting vs.

nonoperative treatment of burns of indeterminant
depth: a randomized prospective study. J Trauma. 1983;
23(11):1001-4. doi: 10.1097/00005373-19831100000007
23. Mann R, Heimbach DM, Engrav LH, Foy H. Changes
in transfusion practices in burn patients. J Trauma.
1994 Aug;37(2):220-2. doi: 10.1097/00005373199408000-00012
24. Fouché TW, Bond SM, Vrouwe SQ. Comparing the
Efficiency of Tumescent Infiltration Techniques in
Burn Surgery. J Burn Care Res. 2022 Apr 9:irac026.
doi: 10.1093/jbcr/irac026
25. Elboukhani I, Essadouni C, Mchachi A, Benhmidoune
L, Chakib A, Rachid R, Elbelhadji M. Topical
anesthesia
versus
peribulbar
anesthesia
in
phacoemulsification cataract surgery and intraocular
lens implantation J Clin Investig Surg. 2020;5(2):100103. doi: 10.25083/2559.5555/5.2/100.103
26. Tatu AL, Radaschin DS, Constantin VD, Stana S,
Ardeleanu V. Laser therapy in superficial morphea
lesions – indications, limitations and therapeutic
alternatives. J Mind Med Sci. 2020; 7(1):46-51. doi:
10.22543/7674.71.P4651
27. Gomez M, Logsetty S, Fish JS. Reduced blood loss
during burn surgery. J Burn Care Rehabil. 2001 MarApr;22(2):111-7. doi: 10.1097/00004630-20010300000005
28. Djurickovic S, Snelling CF, Boyle JC. Tourniquet and
subcutaneous epinephrine reduce blood loss during
burn excision and immediate autografting. J Burn Care
Rehabil. 2001;22(1):1-5. doi: 10.1097/00004630200101000-00002
29. Cartotto R, Kadikar N, Musgrave MA, Gomez M,
Cooper AB. What are the acute cardiovascular effects
of subcutaneous and topical epinephrine for hemostasis
during burn surgery? J Burn Care Rehabil. 2003;24(5):
297-305. doi: 10.1097/01.BCR.0000085847.47967.75
30. Lee J, Yang H, Kim M et al. Topical Epinephrinesoaked -induced Ventricular Tachycardia during Skin
Grafting. Korean J Crit Care Med. 2009 Apr;24(1):4246. doi: 10.4266/kjccm.2009.24.1.42

61

