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Background: The quality of burn care is highly dependent on the initial assessment and 

care. The aim of this systematic review was to investigate the agreement of clinical as-
sessment of burn depth and %TBSA between the referring units and the receiving burn 

centres. 

Methods: Included articles had to meet criteria defined in a PICO (patients, interventions, 

comparisons, outcomes). Relevant databases were searched using a predetermined search 
string (November 6th 2021). Data were extracted in a standardised fashion. The Grading of 
Recommendations Assessment, Development and Evaluation (GRADE) approach for test 
accuracy was used to assess the certainty of evidence. The QUADAS-2 tool was used to 
assess the risk of bias of individual studies as ‘high’, ‘low’ or ‘unclear’. 

Results: A total of 412 abstracts were retrieved and of these 28 studies with a total of 6461 

patients were included, all reporting %TBSA and one burn depth. All studies were cross- 
sectional and most of them comprising retrospectively enrolled consecutive cohort. All 
studies showed a low agreement between %TBSA calculations made at referring units and 
at burn centres. Most studies directly comparing estimations of %TBSA at referring 
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institutions and burn centers showed a proportion of overestimations of 50% or higher. The 
study of burn depth showed that 55% were equal to the estimates from the burn centre. 
Most studies had severe study limitations and the risk of imprecision was high. The overall 
certainty of evidence for accuracy of clinical estimations in referring centres is low (GRADE 
⊕⊕ОО) for %TBSA and very low (GRADE ⊕ООО) for burn depth and resuscitation. 

Conclusion: Overestimation of %TBSA at referring hospitals occurs very frequently. The 

overall certainty of evidence for accuracy of clinical estimations in referring centres is low 
for burn size and very low for burn depth. The findings suggest that the burn community 
has a significant challenge in educating and communicating better with our colleagues at 
referring institutions and that high-quality studies are needed. 

© 2022 The Author(s). Published by Elsevier Ltd. 

CC_BY_4.0   

1. Introduction 

The quality of burn care is highly dependent on the assess-
ment and treatment before the patient arrives at a specia-
lised burn centre [1,2]. Incorrect assessment of the extent of 
the injury (%TBSA, total body surface area) and of the burn 
depth is common [3], and the estimates at referring hospitals 
and by emergency services tend to deviate from estimates 
performed at specialised burn centres [4,5]. Nonetheless, the 
initial assessment is the basis for the amount of fluid given, 
indication for escharotomy, and the need for referral to a 
burn centre. Hence, the initial evaluation may have a sig-
nificant impact on the morbidity and mortality of these pa-
tients [6,7]. 

Clinical assessment of burn depth [8] and surface area  
[9,10] can be challenging even for experienced burn surgeons. 
It is a subjective evaluation based on visual and tactile 
characteristics: wound appearance, capillary refill, and sen-
sibility to touch and pinprick [11,12]. However, no clinical 
characteristics are 100 per cent reliable indications for the 
depth of injury [13]. In brief, it is often easy to evaluate very 
deep or very superficial burns accurately, but difficult to 
evaluate burns of intermediate depth [12]. There is con-
siderable inter-rater variability in the clinical evaluation of 
burn depth and healing potential [14]. Even experienced burn 
surgeons cannot in more than two-thirds of cases correctly 
determine whether a burn wound will heal conservatively 
within three weeks [12]. 

There are different clinical methods to estimate %TBSA 
clinically, for example Wallace’s Rule of Nines [15], Lund and 
Browder charts [16], and Palmar Surface Measurement (‘rule 
of palm’) [17]. An inter-rater variation exists for all methods  
[10], even among experienced evaluators [18]. Estimates from 
Wallace’s Rule of Nines are slightly more variable than those 
made with the Lund and Browder chart, but the estimation is 
easier to perform [19]. The evaluation methods have several 
possible sources of errors, for example when assessing lateral 
burns and burns in obese and/or female patients [20], and 
with the inclusion of superficial epidermal burns in the cal-
culations. When using the ‘rule of palm’ method, the as-
sessor sometimes believes that the palm excluding digits 
represents one per cent of TBSA, whereas the correct esti-
mation is made with the whole hand, including both palm 
and digits [21]. 

During the last couple of years, digital tools have been 
developed to calculate burn surface area [22–24]. E-burn [22] 
and Mersey Burns [23] exist as mobile and web applications 
where the physician can fill in the injured area, the estimated 
depth of the injury, and the patient’s age, and thereby per-
form a guided calculation of the %TBSA. BurnCase 3D [10,24] 
creates 3D models based on the patient’s actual gender, 
height, and weight. It makes it possible to crossfade digital 
pictures of the injury onto the 3D model and calculate %TBSA 
through the software. However, these digital tools are not yet 
widely adopted. 

Knowledge about the direction and magnitude of the dis-
crepancies between evaluations performed at referring hos-
pitals and emergency services and those performed in 
specialised burn centres could help the burn community 
tailor training and continuing education in the field of burn 
care, and thereby create a foundation for further improve-
ment. The information might also improve communication 
with referring doctors, considering both acute management 
and whom to transfer. There is one previous review dealing 
with the topic, demonstrating that there is a discrepancy 
between the referring centre and the burn centre, but that 
study does not appraise the quality of the evidence [4]. 

This study aimed to perform a systematic review of stu-
dies on the agreement and level of accuracy of evaluation of 
burn size and depth between referring units and burn centres 
and to assess the risk of bias and quality of evidence of the 
studies. The assessment of the burn centre will be considered 
the reference evaluation. Data were pooled, and meta-ana-
lyses of the assessments of %TBSA and burn depth were at-
tempted, to summarise the current level of knowledge. Fluid 
resuscitation in the referring centre was considered a surro-
gate for the assessment’s effect on subsequent management 
(accuracy measure). The research question was how good is 
the agreement of clinical assessment of burn depth and 
%TBSA between referring hospitals and burn centres? 

2. Methods 

2.1. Study registration and reporting 

The study protocol was registered in PROSPERO 
(CRD42020167068). It can be accessed at: https://www.crd. 
york.ac.uk/prospero/display_record.php?RecordID= 167068 

2 burns xxx (xxxx) xxx–xxx   

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=167068
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=167068


Results were reported according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines and PRISMA 2020 Checklist plus PRISMA 2020 for 
Abstracts Checklist is available in Appendix A[25–27]. 

2.2. Eligibility criteria and study selection 

Eligible study designs were cross-sectional and cohort studies 
with direct comparison of agreement of clinical assessment 
of burn depth and %TBSA between referring hospitals and 
burn centres (accuracy studies [30]). Included articles had to 
meet criteria defined in a PICO (Patients, Intervention test, 
Comparison test, and Outcome of interest), as modified by 
Schünemann et al. [28,29]. P: Patients with burn injuries re-
sulting in burn centre referrals; I: Assessment in referring 
hospital; C: Assessment in the burn centre; O1: Burn size – 
%TBSA; O2: Burn depth; O3: Resuscitation. The assessment 
made in the referring hospital was considered the ‘index test’ 
and the assessment of the burn centre the ‘reference stan-
dard’ [30]. In contrast to some diagnostic tests, burn assess-
ment does not give a ‘positive’ or a ‘negative’ result, as both 
burn size and depth are continuous variables, where higher 
values indicate more severe health effects. Nonetheless, 
most countries have cut-off values for %TBSA for referral to a 
burn centre [31–33]. Resuscitation was used as a surrogate for 
the assessment’s effect on subsequent management (accu-
racy measure). When studies contained data from two se-
parate time periods, these series were separated and treated 
as independent studies. Three authors (RB, SA, and EH) in-
dependently assessed if the articles met the inclusion cri-
teria, and disagreements were resolved through discussion 
among authors. Exclusion criteria were review articles, 
comments, technical descriptions, communications, and 
editorials. 

2.3. Information sources and search 

The PubMed database were searched for articles and ab-
stracts published between January 1950 and November 2021. 
(Last search date November 6th 2021). 

No grey literature sources were searched. The search 
string was ((((((((((accordance) OR accuracy) OR discrepancy) 
OR consistency) OR overestimation) OR underestimation)) 
AND (((assessment) OR estimation) OR estimate)) AND 
(((burn center) OR burn centre) OR burns unit)) AND (((re-
ferral) OR referring) OR transfer)) AND ((((((burn depth) OR 
burn surface) OR burn size) OR TBSA) OR Total body surface 
area) OR burn resuscitation). The search was limited to stu-
dies published in English, French, German, Italian, Swedish, 
Danish, and Norwegian. Additionally, all bibliographies of 
included studies were manually checked. Full articles were 
assessed when eligibility for inclusion could not be assessed 
based on the abstract alone. 

2.4. Data extraction 

Data were extracted independently by two authors (RB and 
EH). Any disagreements were resolved through discussion. 
Information collected included: first author, year of 

publication, study country, study design, study scope (that is 
if the study specifically studied agreement between referring 
centre and the burn centre or if it had another main aim), 
number of patients assessed and assessment of burn size – 
%TBSA, burn depth and resuscitation in the referring hospital 
and in the burn centre, dropouts, and age. When possible, 
data were extracted as the proportion of correct estimates, 
overestimates, and underestimates. 

2.5. Risk of bias in individual studies and across studies 
and certainty of evidence 

We used the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) approach for test ac-
curacy to assess the certainty of evidence [28,29,36]. The risk 
of bias of individual studies was assessed as ‘high’, ‘low’, or 
‘unclear’ using the QUADAS-2 tool [30], taking patient selec-
tion, execution of the index test and the reference standard, 
data analysis, and patient flow into consideration [3]. In ad-
dition, indirectness, inconsistency, imprecision, and pub-
lication bias were assessed [28,29]. 

According to the GRADE approach, appropriately designed 
studies start at a high certainty of evidence [36]. The overall 
certainty of evidence was rated down based on the assess-
ment of the risk of bias, indirectness, inconsistency, im-
precision, and publication bias, [28,29] and finally rated as 
‘High’ (⊕⊕⊕⊕), ‘Moderate’ (⊕⊕⊕⊝), ‘Low’ (⊕⊕⊝⊝), or ‘Very 
low’ (⊕⊝⊝⊝) [36]. Points for which certainty of evidence was 
rated down will be described in the results section. 

2.6. Statistical analysis 

The results of each article were tabulated per outcome 
(Tables 2 and 3). A meta-analysis was attempted for %TBSA, 
using the R package ‘meta’ [34] in R version 4.0.4 [35], but due 
to a high heterogeneity in the included studies and their 
definitions of over- and underestimation, no meaningful 
central estimates could be calculated. Hence, only graphical 
summaries of the individual studies and their proportion of 
over- and underestimations of %TBSA are presented 
(Figs. 2 and 3). 

3. Results 

3.1. Study selection 

A total of 412 abstracts were retrieved following the search 
and manual bibliography check (Fig. 1). Of these, 371 did not 
meet the inclusion criteria and were excluded, leaving 41 
articles that were read in full. After more detailed scrutiny, a 
further 13 articles were excluded, leaving 28 studies to be 
included in the review (Table 1). 

3.2. Study characteristics 

Twenty-eight studies with a total of 6461 patients were in-
cluded in this review (Table 1). Twenty-eight studies in-
vestigated %TBSA assessment (Table 2), one burn depth, and 
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twelve fluid resuscitation (Table 3). All included studies were 
cross-sectional studies, most of them comprising retro-
spectively enrolled consecutive patients over a specific 
period. Only two studies [37,38] were prospective, and one 
study had a mix of retro- and prospective sampling [39]. 
Twenty studies [5,7,37–54], with a total of 3010 patients, were 
designed to analyse the test accuracy of the evaluation of 
burns, comparing the results from the referring institution to 
the results from the burn centre, while the other eight studies 
had other primary scopes (Table 1). Two studies included 
only adult patients, 10 only children (defined as < 14, > 16 
or < 18 years of age), four studies had a proportion of chil-
dren, ranging from 5.7 to 51 per cent, and 12 studies did not 
report the proportion of children included (Table 1). The 
range of reference %TBSA reported by the studies were 
0,25–100 [37,55]. 

3.3. Result of individual studies and synthesis of results 

All twenty-eight studies reporting accuracy of %TBSA 
(Table 2) showed a low agreement between %TBSA calcula-
tions made at referring units and at burn centres. In the 
twenty studies [5,7,37–54] that compared the results from the 
referring institution to the results from the burn centre, the 
proportion of overestimation of %TBSA was very high. 
Twelve of the studies showed a proportion of 50% or higher 
(range 16–94%) (Fig. 2). The proportion of underestimations 
were considerably smaller (range 2–45%) (Fig. 3). The size of 
overestimation varied. For example, one study presented a 
ratio of overestimation to underestimation of 19:1, and of 
overestimation to correct estimation of 4:1 [5], whereas an-
other found that the referring unit overestimated the pedia-
tric injuries by 100% [39]. There seems to be a tendency to 

Fig. 1 – PRISMA flow diagram.    
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assess more extensive burns more accurately. For example, 
two studies concluded that more extensive burns (TBSA >  
20% [49]) are more accurately estimated than more minor 
burns [5,49] and one study concluded that the difference in 
burn estimates tend to be more extreme at smaller burn sizes  
[55]. Moreover, one study reported a tendency to over-
estimate and over-resuscitate smaller burns and under-
estimate and under-resuscitate larger burns [7] and another 
pointed out that underestimation rises with increasing time 
from injury and increasing %TBSA [49]. The study comparing 
the estimation of burn depth between referring hospital and 
burn centre found that 55% (n = 27) of the estimates were 
equal to the estimates from the burn centre [50]. 

Twelve studies compared the fluid resuscitation at the 
referring hospital and the burn centre (Table 3)  
[7,37,39,40,44,47,52,53,55–58]. In accordance with the over-
estimation of %TBSA (Table 2), most of the included studies 
showed a tendency to over-resuscitate the patients. Due to 
the low number of studies and the different formats in which 
the fluid resuscitation was compared, no meaningful meta- 
analyses could be done. 

3.4. Overall certainty of evidence 

The overall certainty of evidence was low (GRADE ⊕⊕⊝⊝) for 
the accuracy of clinical estimations of %TBSA in referring 
centres, very low (GRADE ⊕⊝⊝⊝) for the accuracy of clinical 
estimations of burn depth in referring centres and very low 
(GRADE ⊕⊝⊝⊝) for accuracy of fluid resuscitation in referring 
centres was. Explanations of how studies are rated down are 
given below. 

3.5. Risk of bias 

Although the patients were consecutively enrolled, the ret-
rospective design could lead to missing data and the 
QUADAS-2 score was rated down if more than 30% of patients 
were excluded. Different assessors performed both the index 
tests and the reference standard tests, probably using various 
assessment techniques, giving rise to another possible bias. 
Possible confounding factors, that could have affected the 
assessment, such as time from injury to presentation (that is 
time between index and reference test), the patient’s age, 
involved body areas, and causal agents, were seldom men-
tioned, and could have introduced a bias as a burn injury is 
dynamic in its nature. Moreover, different definitions of over- 
and underestimations were applied, and most studies did not 
state how the statistical analyses had been performed. In 
summary, there was a critical risk for bias across the studies 
and we rated down according to Table 4. 

3.6. Indirectness 

The cohorts of the studies included most of the possible test 
settings and the entire spectrum of burn injuries in all types 
of patients, compatible with a real-life setting and therefore 
the risk for indirectness is very low. We did not rate down for 
indirectness. 

3.7. Inconsistency 

The results comparing %TBSA showed a high degree of con-
sistency. All study populations except one [54] showed a 

Fig. 2 – Forest plot of studies comparing TBSA% in referring hospitals and burn centres, overestimation.    
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Table 3 – Included studies fluid resuscitation.         

Author 
year 
country 

Accuracy Number 
of patients 
with 
complete 
fluid data 

Number of 
patients with 
incomplete 
fluid data 

Results Comments   
Initial 
evaluation 

Burn centre 
evaluation 
n/n (%)  

Ashworth[40] 
2001 
UK  

25 6/31 (19%)  Adequately 
resuscitated: 
10/26 (38%) 

7 patients were 
resuscitated using the 
Muir Barclay formula 
but with Hartmann's 
solution and 6 using the 
Parkland formula with 
other crystalloids 

Baartmans[39] 
2012 
The 
Netherlands 

Absolute 
difference 
Fluid 
resuscitation was 
not evaluated in 
patients referred 
from GPs 

76 No data:58/567 
(10%) 
Insufficient data: 
About 37% 

Given fluids (ml) 
mean (SD) 
TBSA <  10%  
(n = 16): 327 (259) 
TBSA referred   
>  10%; burn 
centre  <  10%  
(n = 40): 
340 (318) 
TBSA  >  10%  
(n = 21): 
677 (879) 

Calculated fluids (ml) 
mean (SD) 
TBSA (n = 16) <  10%: 0 
(0) 
TBSA referred  >  10%; 
burn centre  <  10%  
(n = 40): 
0 (0) 
TBSA  >  10% (n = 21): 
695 (646) 
p  <  0.05 

Mean difference (ml) 
mean (SD) 
TBSA <  10% (n = 16): 
327 (259) (range 
100–1120) 
TBSA referred  >  10%; 
burn centre  <  10%  
(n = 40): 
340 (318) 
(range 30–1500) 
TBSA  >  10% (n = 21): 
-18 (567) 
(range −1544 to 951) 

Carter[56] 
2018 
USA      

<  10% TBSA: 
41% given fluid bolus 
10–20% TBSA: 
55% given fluid bolus  
>  20% TBSA: 
58% given fluid bolus 

Only a description of 
which patients were 
given fluid boluses 
compared to guidelines 
(only indicated when 
TBSA %  >  20) 

Collis[44] 
1999 
UK 

Between 76% and 
125% of the 
amount 
calculated by the 
burn centre was 
considered 
correct 

247 9/256 
(3.5%)  

Adequately 
resuscitated: 
59/247 (24%) 
Overresuscitated: 
136/247 (55%) 
Underresuscitated: 
52/247 (21%) 

Burns under 20% TBSA 
received more than 
125% of calculated fluid 
Burns over 21% TBSA 
28% received less than 
75% of the calculated 
fluids and 42% more 
than 125% 
According to the 
resuscitation formula, 
the mean fluid based on 
the initial assessment 
was 145% of what 
should have been given. 
When the burn centre 
assessment is applied, it 
rises to 204% with 55% 
of patients receiving 
more than 125% of 
recommended fluids. 

Dulhunty[57] 
2008 
Australia  

80  NA NA Only a description of 
what was done: 
Parkland formula used: 
65/80 
3 ml/kg/TBSA: 4/80 
No formula: 11/80 

Freiburg[7] 
2007 
USA 

A difference of   
<  500 ml was 
considered 
correct 

53 29/82 
(35%) 

1 Correctly resuscitated: 
21/53 (39%) 
Underresuscitated: 
12/53 (23%) 
Overresuscitated: 
20/53 (38%) 

Correlation between 
given by referring 
hospital and calculated 
fluid by the burn centre:  
r = 0.65, p  <  0.0001 

Goverman[37] 
2015 
USA 

Absolute 
difference 

50 NR  Overresuscitated: 
29/50 (59%)  

(continued on next page) 
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Table 3 – (continued)          

Author 
year 
country 

Accuracy Number 
of patients 
with 
complete 
fluid data 

Number of 
patients with 
incomplete 
fluid data 

Results Comments   
Initial 
evaluation 

Burn centre 
evaluation 
n/n (%)  

Hagstrom[47] 
2003 
USA 

Absolute 
difference 

41 NR  Adequately 
resuscitated 
10/41 (24%) 
Overrescusitated: 
12/41 (29%) 
Underresuscitated: 
19/41 (46%) 

1 patient was "critically 
overresuscitated" and 5 
"critically 
underresuscitated" 
A total of 6 patients 
(15%), "grossly over- or 
underresuscitated" (the 
notions were not 
defined) 

Klein[55] 
2007 
USA 

Absolute 
difference 
Predicted volume 
vs actual fluids 
given 

424 NR Mean fluids 
received: 
2872 ml (SD 2857) 

Mean calculated 
fluids: 
2930 ml (SD 5397) 
P = 0.826 

The average difference 
between predicted and 
actual fluids was 
1900 ml (SD 3300) 

Nguyen[58] 
2002 
Vietnam 

A volume within 
15% of estimate 
according to 
Parkland formula  
+ maintenance 
fluid was 
considered 
correct 

695   Adequately 
resuscitated 
363/695 (52%) 
Not adequately 
resuscitated 
332/695 (48%) 

Adequately resuscitated 
patients had a 
significantly lower risk 
of hypovolemic shock 
(OR 0076, 95%CI 
0011–0,53, p = 0,01) 
and death 
(OR 0065, 95% CI 
0012–0,36 p = 0002) 

Sadideen[52] 
2017 
UK 

Absolute 
difference 

46 NR  TBSA overestimated 
Adequately 
resuscitated: 
3/32 (9%) 
Overresuscitated: 
5/32 (16%) 
Underresuscitated: 
24/32 (75%) 

Data are only given for 
patients with an 
overestimated TBSA at 
the referring hospital 

Swords[53] 
2015 
USA 

Absolute 
difference 

201 NR  TBSA correctly 
estimated 
Adequately 
resusciated: 
49/97 (50.5%) 
Overresuscitated: 
24/97 (24.7%) 
Underresuscitated: 
24/97 (24.7%) 
TBSA overestiamted 
by  >  5% 
Adequately 
resuscitated: 
49/99 (49.5%) 
Overresuscitated: 
41/99 (41.4) 
Underresuscitated: 
9/99 (9.3%) 
TBSA underestimated 
by  >  5% 
Adequately 
resuscitated: 
2/5 (40%) 
Overresuscitated: 
2/5 (40%) 
Underresuscitated: 
1/5 (20%) 

There was a statistically 
significant association 
between over- 
estimation and 
overresuscitation by 
10 ml/kg or greater  
(p = 0.02)   
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higher degree of overestimation compared to under-
estimation (Figs. 2 and 3), although confidence intervals 
seldom were given (except for in study [43,49]). The overall 
risk for inconsistency is very low, and we did not rate down 
for inconsistency. 

3.8. Imprecision 

The cohorts are case series with a small number of patients, 
and sample size calculations were missing in all studies ex-
cept one [7]. The risk for imprecision problems was high and 
all studies were rated down due to this. 

3.9. Publication bias 

All the studies were conducted by burn surgeons and pub-
lished in surgical journals, but the risk of bias arising from 
expertise was considered low, since the studies did not ad-
dress which assessment was the most accurate. None of the 
studies were industry sponsored. The risk for publication bias 
was low and we did not rate down for this. 

4. Discussion 

This is the first systematic review that investigates agree-
ment of the clinical evaluations of %TBSA, burn depth, and 
resuscitation between referring centres and burn centres and 
examines the certainty of evidence. A total of 28 studies were 
included. The main finding is that a majority of included 
studies demonstrate that overestimation of %TBSA at refer-
ring hospitals occurs in more than half of the patients 
transferred to a burn centre. The overall certainty of evidence 
for accuracy of clinical estimation in referring centres is low 
(GRADE ⊕⊕⊝⊝) for %TBSA and very low (GRADE ⊕⊝⊝⊝) for 
burn depth and resuscitation. 

4.1. Considerations regarding the results and previous 
findings 

In line with previous reports, we found that a very high 
proportion of patients transferred to burn centres seem to 
have an overestimated %TBSA from the referring institutions  
[4,61] [3,62], and that there is a strong trend of overestimating 
%TBSA in more minor injuries and underestimating it in 
more extensive injuries [5]. This combined with the finding 
that the overestimates outnumbered the underestimates, in 
all studies except one [54], strengthens the findings. None-
theless, better quality studies are needed to explore the rea-
sons for the overestimations and how better results can be 
achieved. 

4.2. Considerations regarding the certainty of evidence 

The retrospective design of majority of studies could have 
affected the results[59]. A lack of information on who eval-
uated the burns and on the clinical evaluation methods 
means that we do not know whether or not the comparisons 
were apt. Accuracy of clinical burn evaluation is highly de-
pendent on both the evaluator’s clinical experience with 
burns [60], on the clinical evaluation method used [19], and 
on how the clinical method is interpreted [21]. For example, 
the rule of nine often overestimates TBSA% more than Lund 
and Browder charts [19] and palmar surface measurement, 
‘the rule of palm’, is infamous for being interpreted in dif-
ferent ways [21]. The natural course of burns, where depth 
tends to develop over time, also makes it difficult to obtain 
meaningful results regarding depth assessment. A few of the 
authors of the included studies commented that this was 
why they had not included depth as a study variable. More-
over, as the data was collected a part of routine practice 
without a specific study design for the burn centre assess-
ment, there was a lack of blinding in all the included studies. 

Fig. 3 – Forest plot of studies comparing TBSA% in referring hospitals and burn centres, underestimation.    

19 burns xxx (xxxx) xxx–xxx   



T
ab

le
 4

 –
 Q

U
A

D
A

S
-2

 r
es

u
lt

s.
   

R
is

k
 o

f 
b

ia
s

A
p

p
li

ca
b

il
it

y 
co

n
ce

rn
s

Pa
ti

en
t 

se
le

ct
io

n
In

d
ex

 t
es

t
R

ef
er

en
ce

 s
ta

n
d

ar
d

Fl
o

w
 a

n
d

 t
im

in
g

Pa
ti

en
t 

se
le

ct
io

n
In

d
ex

 t
es

t
R

ef
er

en
ce

 s
ta

n
d

ar
d

A
rm

st
ro

n
g

A
sh

w
o

rt
h

B
aa

rt
m

an
s 

1
B

aa
rt

m
an

s 
2

B
er

k
eb

il
e

B
er

ry
C

ar
te

r
C

h
an

C
o

ll
is

D
u

lh
u

n
ty

Fa
ce

Fr
ei

b
u

rg
Fr

o
st

G
o

ve
rm

an
H

ag
st

ro
m

H
al

l
H

am
m

o
n

d
H

ar
is

h
Ir

w
in

K
le

in
La

in
g

La
m

M
an

n
in

g 
R

ya
n

 1
M

an
n

in
g 

R
ya

n
 2

N
au

m
er

i
N

gu
ye

n
Sa

d
id

ee
n

Sa
f�

e 
Sw

o
rd

s
W

o
n

g 
1

W
o

n
g 

2

lo
w

 r
is

k
 =

, h
ig

h
 r

is
k

 =
, u

n
cl

ea
r 

ri
sk

 =
 

20 burns xxx (xxxx) xxx–xxx   



There was a considerable amount of missing data in many of 
the studies, both from the referring institution but also from 
the burn centre and this could have affected the results. 

For example, it could be hypothesised that calculations 
are more likely to be missing for very small or extensive in-
juries, or for specific injury mechanisms. 

4.3. Considerations regarding the strengths and 
limitations of the present study 

There are no specific guidelines for quality assessment of 
studies assessing clinical evaluation of burns. The GRADE 
guidelines for assessing the body of evidence for test accu-
racy were considered the most methodologically apt [28,29]. 
Studies analysing test accuracy should ideally include pa-
tients with an uncertain diagnosis and be performed in a 
standardised fashion [28,29]. However, when considering 
%TBSA assessments, standardisation is challenged by the 
heterogeneity of real-life populations of burn patients. As all 
the studies included ‘real life’ data from significant catch-
ment areas, it can be assumed that there were more eva-
luators involved in the referring units than in the burn 
centres. Moreover, the referring evaluators were likely con-
siderably less experienced in assessing burns, sometimes 
even novice, than the burn centre evaluators. Hence, the 
index and reference test were not defined by the method 
used but rather according to which setting they were per-
formed in – a hospital with a low volume of burns or a high- 
volume burn centre. It was presumed that the people per-
forming the index tests were inexperienced assessors of burn 
and that the people performing the reference standard tests 
were experienced. However, ‘real life’ data can also be con-
sidered a strength, as it reflects the actual situation and 
probably gives valuable data for comparison that a clinical 
trial on accuracy could easily miss. 

4.4. Conclusions and clinical implications 

The overall certainty of evidence for accuracy of clinical es-
timation in referring centres is low (GRADE ⊕⊕⊝⊝) for 
%TBSA and very low (GRADE ⊕⊝⊝⊝) for burn depth and re-
suscitation. Overestimation of %TBSA at referring hospitals 
occurs in a very high proportion of the patients transferred to 
a burn centre, even though underestimation also occurs. 
Further studies on why overestimations occur are needed, to 
enable improvement. A prospective study design could allow 
for standardised assessment at standardised time points and 
blinding of the burn centre evaluator, as well as facilitate a 
better documentation. Moreover, adequate sample calcula-
tions and data treatment could have been performed. 
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