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Objective: Blood is a limited resource in middle-income countries such as South Africa. Transfusion is associated with
complications and expense. We aimed to understand our transfusion practices in burn surgery as well as ascertain the opinion
of a broader group of surgeons and anaesthetists regarding transfusion triggers in order to understand the rationale and bias
that drives current transfusion practice in our setting.
Methods: Firstly, we investigated the current blood practices at our regional burn service through an audit of perioperative
notes for all patients receiving packed cell transfusions in a 24-month period. Secondly, we formulated a questionnaire
asking for opinion on acceptable preoperative and postoperative haemoglobin targets for a list of elective, emergency and
burn operations that was distributed at a number of meetings.
Results: Seventy-two patients received a total of 103 perioperative transfusions. The median preoperative haemoglobin was
9.8 g/dL in both children and adults and the median postoperative haemoglobin was 10.1 and 9.1 g/dL in children and adults
respectively. The cohort was divided into two groups: the first surgery and the subsequent surgeries. In the adult group the
mean time to first surgery post burn was 11.5 days with a median volume of 0.73 mls/kg/% operated surface area (range
0.16-1.54) of packed cells transfused per operation. In the paediatric group the mean time to first surgery post burn was
9 days (range 2-54) with a median volume of 1.1 mls/kg/% operated surface area (range 0.56-2.14) of packed cells transfused
per operation.
One hundred and fifty questionnaires were handed out and 103 (69%) were completed. The average proposed preoperative
and postoperative haemoglobin was 9.3 g/dL and 8.4g/dL respectively. The majority of respondents (60% in elective surgery,
43% in emergency surgery and 60% in burn surgery) would like preoperative haemoglobin to be 10 g/dL and above.
Conclusion: Research suggests that a restrictive blood transfusion approach is being increasingly implemented as best
practice. However, our surgical community does not seem to accept a restrictive strategy as part of blood management
principles. A shift in this practice could result in clinical benefit by reducing complications and increasing cost saving in
our resource constrained setting. We plan to protocolise earlier surgery and blood conservation strategies intraoperatively in
addition to a restrictive strategy in our burn service.
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Introduction
Blood is a limited resource in low-middle income countries
such as South Africa.1-3 Transfusion is associated with
complications such as haemolytic reactions, allergy,
anaphylaxis, transmission of infection, immune modulation,
acute lung injury, circulatory overload and coagulation and
biochemical abnormalities.4 It is also expensive, with one
adult unit of packed cell costing 1 400 ZAR.5 Traditionally
a haemoglobin level (Hb) of 10 g/dL was regarded as the
trigger for transfusion in patients undergoing surgery,
which is often referred to as the liberal transfusion group
in current literature.6-9 There has been a move away from

this liberal transfusion approach over the last two decades
and there is increasing evidence to support restrictive
transfusion strategies.9-11 Two-unit blood transfusions were
practised historically and have been based on habit rather
than evidence-based benefit.12;13 We know now that there is
significant morbidity associated with transfusion and that the
morbidity is dose dependant with a move away from two-unit
transfusions.12;13
These issues are particularly relevant in the burn population
as burn surgery is associated with significant blood loss and
high transfusion rates.14 In low-middle income countries with
high numbers of burn injuries and limited resources, it would
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be pertinent to adopt a restrictive transfusion strategy for both
patient benefit and better resource management.
The aims of our study were to review the perioperative
haemoglobin levels of patients undergoing burn surgery
in our surgical service with a second aim to ascertain the
opinion of a broader spectrum of surgeons and anaesthetists
regarding transfusion triggers and targets. We did this in
order to understand the rationale and bias that drives current
transfusion practice in our setting. It was also our intention
to improve management through understanding our deficits
in care. This would aid in the development of protocols in
keeping with evidence-based practice.

Methods
This investigation was conducted in two parts. The current
blood practices at our regional burn service were audited.
Theatre and blood card records of patients admitted with
a burn injury were scrutinized for a 24-month period from
October 2011 to September 2013. All patients requiring burn
surgery were included, both adults and children. Children
were considered less than or equal to 12 years. The following
were recorded on an Excel spreadsheet and statistically
analysed in two groups, children and adults: the age and
weight of the patient; percentage surface area burn operated
on using the Lund and Browder chart; the day post burn the
operation was performed, haemoglobin on the preoperative
(day before surgery) and on the postoperative (day after
surgery); and total blood in millilitres received.
The second component consisted of a questionnaire, which
listed various operations for elective and emergency surgery as
well as burn surgery for total body surface area (TBSA) below
and over 10% (appendix 1). Our intention was to differentiate
conceptually between a small burn and a larger burn and
understand whether respondents approached these broad groups
differently regarding transfusion strategy, no matter what
method they used to calculate surface area. Respondents were
asked for their opinion on acceptable preoperative haemoglobin
and well as their postoperative targets for the list of operations.
A range of elective and emergency procedures, which are
associated with significant blood loss or minimal blood
loss were included. The final question asked the clinicians
whether a postoperative Hb of 7.5 g/dL was acceptable in
a burn patient and were encouraged to qualify their answer.
Questionnaires were handed out at a burn-specific symposium
and a surgery exam refresher course, which included surgeons
from around the country. Questionnaires were also distributed
at the academic meetings of the Departments of Surgery and
Anaesthetics in the Pietermaritzburg metropole. Our sampling
method was purposive in nature. We elected to distribute
our survey to groups who were more likely to be involved in
general surgery and burn surgery in order to get feedback based
on actual experience or practice. We did not limit our sample
size but rather handed out as many as we could which were
answered on a voluntary basis. Our opportunities to distribute
were limited based on convenience rather than the actual
number of respondents.
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All data was collected onto Excel spreadsheets and
descriptive statistical analysis was performed using Statistical
Package for the Social Science (SPSS) version 23. The
analysis was done by the authors. Ethical and hospital
approval was attained for both parts of the study, BE107/14
and BE 207/09, from the Biomedical Research and Ethical
Committee of the University of Kwa-Zulu Natal.

Results
Transfusion audit

Seventy-two patients received a total of 103 perioperative
transfusions. The median total body surface area operated on
in children was 16.5% TBSA (range 4-38%) and 11% (range
3-30%) in adults. The median preoperative haemoglobin
was 9.8 g/dL in both children and adults and the median
postoperative haemoglobin was 10.1 and 9.1 g/dL in children
and adults respectively. A total volume of 34 215 millilitres of
blood was transfused in this cohort of patients. The results are
shown in Tables 1a and 1b.
Table 1a. Descriptive statistics of the perioperative
transfusions in adults
Median

IQR

Range

Weight (Kg)

69

14.25

40-100

Operated Area (%)

11

8.75

3-30

Day post burn

12.5

21.75

2-73

Pre-operative
haemoglobin (g/dL)

9.8

2.95

6.9-17.2

Post-operative
haemoglobin (g/dL)

9.1

3.08

7.1-15.6

Blood volume transfused
(mls)

300

300

300-1200

Blood transfused in
mls/kg/%

0.67

0.6

0.16-1.54

Table 1b. Descriptive statistics of the perioperative
transfusions in children

Weight (Kg)

Median

IQR

Range

12

6.2

4.7-26

Operated Area (%)

16.5

18.25

4-38

Day post burn

10.5

20

1-77

Pre-operative
haemoglobin (g/dL)

9.75

2.72

5.6-15.8

Post-operative
haemoglobin (g/dL)

10.1

3

6-15

Blood volume transfused
(mls)

232.5

150

50-900

1.0

0.94

0.21-4.5

Blood transfused in
mls/kg/%

Table 1c. Comparison of first and subsequent surgeries in adults

Subsequent surgeries (n=9)

Primary surgery (n=33)

median

Range

IQR

median

Range

IQR

Sig. (p)

Weight (Kg)

69

40-100

14.25

70

55-75

17.5

0.959

Operated surface area (%)

10

3-30

9.5

15.5

12-25

10

0.213

Day post burn

11.5

2-73

22.5

18.5

5-29

21.75

0.929

Pre-op Hb (g/dl)

9.8

6.9-17.2

3.13

10.0

8.1-11.7

3.05

0.028

Post-op Hb (g/dl)

8.95

702-15.6

3.35

10.05

7-10

3.0

0.285

Blood transfused
(ml/kg/%)

0.73

0.16-1.54

0.68

0.43

0.32-0.77

0.37

1.000

Table 1d. Comparison of first and subsequent surgeries in children

Subsequent surgeries (n=11)

Primary surgery (n=39)

median

Range

IQR

median

Range

IQR

Sig. (p)

11.6

7.9-16

4.3

15

8-20

7.4

0.07

Operated surface area
(%)

13

5.0-16

11.5

27

4-35

18.5

0.012

Day post burn

9

2-54

10.0

26.5

5-77

28

0.002

Pre-op Hb (g/dl)

9.2

7.2-13.5

2.4

9.6

5.6-13.4

2.75

0.532

Post-op Hb (g/dl)

10.3

6-15

2

9.6

7.5-13

2.5

0.814

Blood transfused
(ml/kg/%)

1.1

0.56-2.14

0.92

0.9

0.39-3.75

0.94

0.985

Weight (Kg)

There was a total of 33 adults with 24 adults having one,
seven adults having two and two adults having three surgeries
in total with associated blood transfusions. There was a total
of 39 children receiving perioperative transfusions with 28
children having one, four children having two, six children
having three and one child having five surgeries in total with
associated blood transfusions. The cohort was divided into
two groups: the first surgery and the subsequent surgeries.
In the adult group the mean time to first surgery post burn
was 11.5 days (range 2-73) with a median volume of
0.73 mls/kg/% operated surface area (range 0.16 1.54) of
packed cells transfused per operation. Subsequent surgeries
occurred on median day 18.5 (range 5-29) post burn, with
a median volume of 0.43 mls/kg/% operated surface area
(range 0.32-0.77) of packed cells transfused per operation.
A Wilcoxon signed-rank test illustrated that there were no
statistically significant differences in the adult group who
required subsequent surgeries compared to the single surgery
group, apart from a marginal but significant difference
in preoperative haemoglobin, which was lower at initial
surgery. However this is not practically significant.
In the paediatric group the median time to first surgery
post burn was 9 days (range 2-54) with a median volume of
1.1 mls/kg/% operated surface area (range 0.56-2.14) of
packed cells transfused per operation. Subsequent surgeries
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occurred on median day 26.5 (range 5 27) post burn, with
a median volume of 0.9 mls/kg/% operated surface area
(range 0.39 3.75) of packed cells transfused per operation.
A Wilcoxon signed-rank test illustrated that there were
no statistically significant differences in transfusion
requirements in paediatric patients undergoing primary
surgery and those requiring subsequent operations. This was
despite significant differences in weight, percentage area
debrided and day post burn.
The data was non-parametric. We chose not to transform
our data as we felt that the natural variability of our data was
reflective of our population and added value to our analysis.
The variability could be explained by the fact that our
sample consisted of consecutive patient admissions where
perioperative data was collected. We opted to use the median
as the measure of central tendency since the data was nonnormal.

Questionnaires
One hundred and fifty questionnaires were handed out and 103
(69%) were completed. This includes 24 respondents from
the burn symposium, 37 from the Departments of Surgery
and Anaesthetics in the Pietermaritzburg metropole and 42
from the surgery exam refresher course. Surgeons answered

Table 2: Clinician opinions regarding appropriate peri-operative haemoglobin targets for various categories of operations
Pre-operative Hb (g/dl)

Elective surgery

Mean
(standard
deviation)

Upper limit
95% CI

Lower limit
95% CI

Post-operative Hb (g/dl)
Mode

Mean (SD)

Upper limit
95% CI

Lower limit
95% CI

Mode

9.1 (1.9)

9.45

8.73

10

8.02 (1.6)

8.33

7.72

8

Emergency surgery

8.04 (1.88)

8.4

7.7

10

7.46 (1.77)

7.8

7.1

8

Burns < 10% OSA

9.0 (1.7)

9.3

8.7

10

8.24 (1.37)

8.5

8.0

8

Burns>10% OSA

9.8 (1.5)

10.12

9.6

10

8.7 (1.4)

8.95

8.7

10

Table 3: Overall mean haemoglobin for specified operations
Mean pre operative proposed Haemoglobin
in g/dL (range)

Mean post operative target Haemoglobin in
g/dL (range)

Mastectomy

9.3 ( 7-12 )

8.1 ( 7-10 )

Ventral hernia repair

9.1 ( 7-13 )

8.1 ( 7-10 )

AP resection

9.7 ( 7-15 )

8.5 ( 7-10 )

Major flap surgery

10.2 ( 8-14 )

9.0 ( 7-10 )

Appendicectomy

8.5 ( 7-12 )

8.0 ( 7-10 )

Incarcerated hernia

8.8 ( 7-12 )

8.1 ( 7-10 )

Laparotomy for stab abdomen

9.0 ( 6-12 )

8.3 ( 7-10 )

Necrotising fasciitis

9.3 ( 7-12 )

8.5 ( 7-10 )

TBSA less than 10 %

9.0 ( 7-14 )

8.3 ( 7-12 )

TBSA greater than 10 %

9.9 ( 7-14 )

8.7 ( 7-12 )

Operation
Elective

Emergency

Burns

the majority with only 15 by anaesthetists. The ranks of the
responders were divided into 27 medical officers, 47 registrars
and 26 specialists with 3 unknown.
In our sample, the mean proposed preoperative and
postoperative haemoglobin was 9.1 g/dL and 8.0 g/dL
respectively for elective operations, 8.0 g/dL and 7.5 g/dL for
emergency operations, 9.0 g/dL and 8.2 g/dL for burns less
than 10% surface area and 9.8 g/dL and 8.7 g/dL for burns
greater than 10% surface area. This is illustrated in Table
2. The differences in the proposed haemoglobin levels are
compared for different operations in Table 3. The average
preoperative haemoglobin was lowest for appendicectomy at
8.5 g/dL and highest for major flap surgery at 10.2 g/dL and
the postoperative targets were 8.0 g/dL and 9 g/dL for the same
operations respectively. Amongst the surgical respondents,
comparison by rank showed no significant difference. The
anaesthetists had lower haemoglobin levels in all groups
compared to surgeons and this is seen in Table 4; however, the
number of questionnaires answered by anaesthetists was much

lower than surgeons and cannot be compared.
On direct questioning, 38 (40%) doctors would accept a
postoperative haemoglobin of 7.5 g/dL in a burns patient
whereas 55 (60% ) would not accept that level and 10 did
not answer the question. Reasons for maintenance of higher
haemoglobin given were oxygen delivery needed for healing
(20), ongoing bleeding risk (8), catabolic state (2) and too tired
for rehabilitation (1) with 2 doctors quoting the Transfusion
Requirements In Critical Care (TRICC) trial for an acceptable
restrictive strategy. Surgeons were compared by rank but no
statistically significant difference was found with regards to the
opinion on whether an Hb of 7.5 was acceptable.
The majority of respondents (60% in elective surgery,
43% in emergency surgery and 60% in burn surgery) would
like preoperative haemoglobin to be 10 g/dL and above and
target postoperative haemoglobin above 8 g/dL (45% in
elective surgery, 45% in emergency surgery and 41% in burn
surgery). Only 24%, 27% and 22% in elective, emergency
and burn surgery respectively think that 7 g/dL is adequate
VOL. 54 NO. 3
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Table 4: Comparison of surgeons and anaesthetists

Pre operative proposed Haemoglobin
in g/dL

Operation

Post operative target Haemoglobin in g/dL

Surgeon

Anaesth

Surgeon

Anaesth

Mastectomy

9.4

8.7

8.3

7.7

Ventral hernia repair

9.1

9.1

8.2

7.7

AP resection

9.8

9

8.5

8.3

Average

9.4

8.9

8.3

7.9

Appendicectomy

8.3

8.3

8.1

7.5

Incarcerated hernia

8.8

8.6

8.1

7.8

Laparotomy for stab abdomen

9.1

7.9

8.5

7.5

Average

8.7

8.3

8.3

7.6

TBSA less than 10 %

9.1

8.6

8.4

7.6

TBSA greater than 10 %

10

9.7

8.8

8.3

Average

9.6

9.2

8.6

8.0

Elective

Emergency

Burns

postoperatively and 23%, 19% and 30% think that an HB of
10 g/dL or more is needed.

Discussion
The rationale for blood transfusion is rooted in the physiology
of oxygen delivery. Reduction in oxygen delivery below
a critical level deprives tissues of the oxygen necessary for
oxidative metabolism and shifts to anaerobic metabolism.
Oxygen requirement by tissues may be increased during acute
stress and we assume that maintaining oxygen delivery will
improve clinical outcomes. 15,16 The previously supranormal
oxygen delivery targets with augmented haemoglobin levels
was not shown to be beneficial by randomized controlled
trials and is no longer practised. 17-19
Transfusion Requirements In Critical Care published in
the New England Journal of Medicine in 1999, showed that
a “restrictive strategy of red-cell transfusion is at least as
effective as and possibly superior to a liberal transfusion
strategy in critically ill patients, with the possible exception
of patients with acute myocardial infarction and unstable
angina”.20 Subsequently, data suggest that a restrictive blood
transfusion approach is being increasingly implemented as
best practice.21 A Cochrane review in 2012 concluded that
existing evidence supports the use of restrictive transfusion
triggers in most patients including those with pre-existing
cardiovascular disease.22 The FOCUS trial also supports
a restrictive approach with the finding that limiting blood
transfusion in this high-risk patient group (orthopaedic
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patients older than 50 years with a history of or risk factors for
cardiovascular disease) is not associated with less favourable
outcomes than a liberal transfusion policy and that liberal
blood transfusions do not improve outcomes.23,24 Within the
field of burns, higher numbers of transfusions are associated
with increasing infectious complications and mortality25,26 and
follows the trend toward a restrictive transfusion strategy.27-30
Despite the growing body of literature, the surgeons
who filled in this questionnaire do not seem to accept a
restrictive strategy with the majority preferring a preoperative
haemoglobin above 9 g/dL and closer to 10 g/dL in major
flap surgery and surgery for burns > 10 % TBSA. It seems
that to achieve these levels, packed cells would be transfused
preoperatively rather than intraoperatively if needed. This is
true for elective, emergency and burn surgery. Although lower,
the preferred postoperative haemoglobin level is still above
8 g/dL for all types of surgery and all levels of qualification.
Anaesthetists tend to favour a more restrictive approach
with preoperative haemoglobins of between 8 and 9 g/dL,
except in burns greater than 10% with a haemoglobin level of
9.7 g/dL, and a post-operative haemoglobin target of between
7 and 8 g/dL in general.
This opinion is supported by the data showing that
haemoglobin levels are maintained around 10 g/dL in children
and 9 g/dL in adults both before and after the surgery in
our own burn service. We know burn surgery may lead to
significant bleeding intraoperatively, but this does not equate
to the need for a higher haemoglobin level. However, the data
suggest that the current perception amongst both surgeons and

anaesthetists in this cohort is toward a liberal haemoglobin
policy. Very few surgeons seem to consider that a trigger of
7 g/dL is acceptable.
When discussing transfusion strategies for burn patients, it
is important to remember that techniques to limit blood loss
in surgery go hand in hand with the notion of reducing blood
transfusion. A number of techniques may be employed with
topical adrenaline soaks being common. Other options include
the use of tourniquets in limb burns, clysis, and fascial rather
than tangential excisions when indicated. At the time of the
study, only topical adrenaline soaks were employed to limit
blood loss in our service. The shift away from delayed eschar
separation and late grafting to early excision has shown to be
beneficial in terms of immune and hypermetabolic responses
as well as mortality; however, it is associated with higher
operative blood loss than the conservative approach.31,32
Authors show maximal blood loss between day two and 16,
with the recommended timing of excision being within 24
hours to reduce blood requirements, as well as accrue other
benefits.33,34 The timing of our surgical intervention was
overall on median day 10.5 in children and median day 12.5
in adults and would theoretically result in maximal blood loss
and obviously influence subsequent transfusion. In keeping
with the shift toward restrictive transfusion strategies, it
would be necessary to address the timing of surgery in our
burn service as well as the employment of other intraoperative
blood conservation strategies.
There are limitations to our study. The questionnaire
included only a small number of respondents from across
South Africa. There was also great variability in the groups
who were surveyed, being mostly surgeons. This was due to
access – as surgeons, we were more likely to come into contact
with a greater number of surgeons at meetings than with
anaesthetists. A broader sample would be useful to determine
whether this is the predominant opinion across the country
as well as determining public, private, institutional and
provincial differences. It is reasonable to assume that it reflects
our opinion in the Pietermaritzburg surgical metropolitan and,
in combination with the audit of perioperative transfusions,
our practice in burns. Other authors also report increasing
blood utilisation and lack of adoption of restrictive transfusion
strategies.35

Conclusion
Restrictive transfusion strategy does not appear to be
part of blood management principles in our local surgical
community, despite the evidence to support such an approach.
A shift in this practice could result in clinical benefit by
reducing complications as well as cost saving in our resource
constrained setting. A hospital transfusion committee has
been established at our hospital in an attempt to reduce
blood utilization. We plan to protocolise earlier surgery and
blood conservation strategies intraoperatively in addition
to a restrictive strategy in the burn service in keeping with
evidence-based medicine.
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