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FACE AND/OR NECK BURNS: A RISK FACTOR FOR
RESPIRATORY INFECTION?

BRULURES CERVICO-FACIALES: UN FACTEUR DE RISQUE POUR LES
INFECTIONS RESPIRATOIRES?

Costa Santos D.,” Barros F., Gomes N., Guedes T., Maia M.

Plastic, Reconstructive and Aesthetic Surgery Department, Burn Unit, Hospital da Prelada, Porto, Portugal

SUMMARY. Infections are a common cause of morbidity and mortality in burn patients, and almost 50% of infection-related deaths in
burn patients are caused by pneumonia. The proportion of facial and/or neck burns (FNB) in burn centre admissions is high, and these pa-
tients have a well known respiratory risk. However, it is not well established in the literature if the occurrence of a FNB is a risk factor for
respiratory infection during hospitalization. A retrospective, single-centre trial at the burn unit of the Prelada Hospital was conducted, in-
cluding patients admitted between January 2011 and December 2014. The primary objective was to investigate the existence of a relation
between face and/or neck burns and occurrence of respiratory infection. A total of 229 patients were included in the study, 126 with FNB
and 103 without FNB. Higher total body surface area (TBSA) burned, inhalation injury and early endotracheal intubation were statistically
more frequent in the FNB group. These variables were also more prevalent in the group that developed respiratory infection during the
burn unit stay. Concerning FNB patients, the most frequent microbiological strains isolated in respiratory secretion cultures were Staphy-
lococcus aureus, Pseudomonas aeruginosa and Streptococcus pneumonia, while in nFNB patients it was Klebsiella pneumoniae. In our
population, only early ETI, inhalation injury and higher TBSA appear to be independent risk factors for respiratory infection in FNB
patients, although age, male sex and co-morbidities are also known risk factors for respiratory infection in burn patients.
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RESUME. Les infections sont une cause habituelle de morbidité et de mortalité chez les briilés. Prés de 50% des décés survenant dans un
tableau infectieux sont dus a une pneumopathie. La proportion de briilures cervico-faciales (BCF) parmi les patients hospitalisés en CTB
est élevée et ces patients ont un risque connu de complication respiratoire. Cependant, il n’est pas bien établi si une BCF est un facteur
favorisant une infection respiratoire nosocomiale. Une étude rétrospective a été conduite dans le centre de briilés de [’hopital de Prelada,
incluant 229 patients admis entre janvier 2011 et décembre 2014, parmi lesquels 126 avaint une BCF quand 103 n’en souffraient pas. La
surface briilée était plus importante, des lésions d’inhalation et une intubation endotrachéale précoce étaient plus fréquentes dans le
groupe BCF. Ces mémes facteurs étaient plus fréquents dans le groupe qui développait des infections respiratoires nosocomiales (IRN).
Dans le groupe BCF, les germes les plus fréquemment en cause étaient Staphylococcus aureus, Pseudomonas ceruginosa et Streptococcus
pneumonice, tandis que chez les briilés ne présentant pas de BCF, ¢ ’est Klebsiella pneumoniae qui était la plus fréquente. Dans notre série,
Uintubation trachéale précoce, les lésions d’inhalation et [’étendue importante de la brillure apparaissent étre des facteurs indépendants
de risque d’IRN dans les BCF, bien que l’age, le sexe male et les co morbidités soient également connus comme facteurs favorisants de ces
mémes infections respiratoires chez les briilés.

Mots-clés: briilure cervico-faciale, infection respiratoire, lésions d’inhalation, intubation endotrachéale

Introduction

Infections are a common cause of morbidity and mortality
in burn patients,'> and almost 50% of infection-related deaths
in burn patients are caused by pneumonia.’

The proportion of facial and/or neck burns (FNB) in burn
centre admissions is about 47%, which reflects the gravity of
this type of lesion.** Indeed, FNB patients have a double res-
piratory risk resulting from potential upper airway edema and
smoke inhalation injury.® They often undergo emergency air-
way management in the pre-hospital setting,” and pre-hospital

intubation appears to be an independent risk factor for pneu-
monia.® Furthermore, the inhalation injury is itself a major pre-
disposing factor to pneumonia, respiratory insufficiency and
death in this population.>’

The primary objective of this study was to investigate the
existence of a relation between FNBs and the occurrence of
respiratory infection, since very little literature has explored
this particular subject. The secondary endpoints were to per-
form a multivariate analysis of risk factors for respiratory in-
fection in FNB patients and to determine which microbial
strains were most frequently isolated.
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Material and methods

Study design and patient selection

A retrospective, single-centre trial at the burn unit of the
Prelada Hospital was conducted.

Patients admitted to the burn unit between January 2011
and December 2014 were included; however, those who re-
mained hospitalized less than 24 hours were excluded.

The following data were retrieved from patient files: de-
mographic data, co-morbidities, characteristics of injury scene,
characteristics of first medical assistance, etiology and charac-
teristics of the burn, airway management, results of laryn-
goscopy and bronchoscopy, occurrence of respiratory
complications, microbiological culture results, length of hos-
pitalization and mortality.

Statistics and data analysis

Data were analyzed using Microsoft Excel and IBM SPSS
22 software. Descriptive analysis was presented with absolute
frequency (n) and percentage (%) or mean (y) = standard devi-
ation (o) and median (m). A value of p < 0,05 was considered
statistically significant.

Table I - Demographic characteristics

Results

Study population

During the 48-month study period, 233 patients were ad-
mitted to our burn unit. However, 4 patients who remained hos-
pitalized less than 24 hours were excluded. A total of 229
patients were included in the study, 126 with FNB and 103
without FNB (nFNB).

In both groups, the majority of patients were male (n=92,
73% for FNB and n=57, 55.3% for nFNB group). The FNB
group had a higher proportion of men than the nFNB group,
which was statistically significant (p=0,005). However, this
difference in sample composition did not affect the rate of res-
piratory infection (p=0,333). Mean patient age was 49,1 + 18,8
years for the FNB group and 55,3 + 20,8 years for the nFNB
group (Table I). Although nFNB patients were significantly
older (p=0,021), no correlation was detected between age and
the occurrence of respiratory infection (p=0,163).

Medical history is summarized in 7able II. The FNB and
nFNB groups were meaningfully different only with respect to
diabetes and hypertension (p<0,001 and p=0,006, respectively).
This difference did not influence the rate of respiratory infection
(»p=0,962 and p=0,953, respectively). Although smoking habits
were high in our study population (n=25, 49% for FNB; n=20,
37.7% for nFNB; p=0,246), this did not increase the incidence

FNB (n=126) | nFNB (n=103) | p of respiratory infection during hospitalization (p=0,836).
Sex — male gender, n (%) 92 (73) 57 (55,3) 0,005 The majority of patients had thermal burns (n=155, 91.2%
Years, y + 6 (m) 49,1 + 18,8 (48) | 55,3 +20,8 (54) | 0,021 for FNB; n=92, 89.3% for nFNB) and just a minority had elec-
18-39 years, n (%) 44 (34,9) 30 (29,1) trical (n=4, 3.2% for FNB; n=5, 4.9% for nFNB) or chemical
40-64 years, n (%) 54 (42,9) 31 (30,1) burns (n=7, 5.6% for FNB; n=6, 5.8% for nFNB) (Fig. 1).
> 65 years, 1 (%) 28 (22.2) 42 (40,8)
‘: 9).73,',
Table II - Medical history “
FNB (n=126) | nFNB (n=103) | p "
Weight, £ o (m)  [76,3+ 13,3 (76,5)72,9 + 17,6 (71,5)| 0,218 = 1
Obesity - IMC > 25,7 (%)| 15 (19,2) 1321,3)  |0,761 “
Smoking habits, n (%) 25 (49,0) 20(37,7) | 0,246 |
Alcohol abuse, 7 (%) 8 (11,4) 11(162)  |0418 I_ wr s = =
Dmg abuse, n (%) 3 (2’4) 1 (1) 0’418 Thermal ire Flash burn. Contact (::;‘l:iq:{‘;;:’) [ g‘g:é;’:‘( Electric; Chemical
Psychiatric illness, n (%) 13 (12,1) 14 (15,9) 0,239 . .
Depression, 7 (%) 12 (92.,3) 10 (71,4) Fig. 1 - Burn etiology.
Neurologic disease, n (%) 13 (11,9) 18 (20,7) 0,095
Epilepsy, 7 (%) 6 (46,2) 6 (33,3) W
Stroke, 1 (%) 6 (46,2) 6(33,3) o
Others, n (%) 2 (15,4) 8 (44,4) 0
Diabetes, 1 (%) 2(1,9) 18(20)  |<0,001 o s
Asthma, n (%) 2(1,9) 3(3.4) 0,490 w0 —
» 31,1
COPD, 1 (%) 43,7 3(3.4) 0,934 %
High blood pressure, n (%) 21 (19,1) 33 (36,3) 0,006 20
13,5
Cardiac discase, n (%) 11(10.2) 11(12,5 | 0,610 10 H -
N 1 16 0
HIV infection, 7 (%) 4(3.6) 0(0) 0 .. ==
0-10% 11-25% 26-50% 51-75% 76-100%
Hepatitis C 3(2,8) 1(1,1) WENB WnFNB
Hepatitis B 1(0,9) 1(1,1) Fig. 2 - TBSA.
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Table III - Burn depth

FNB (n=126) | nFNB (n=103) | p
15+ 2% 1 (%) 48 (38,1) 12(11,7)  |<0,001
2% 1 (%) 20 (15.,9) 16 (15,5) 0,924
204 3% 11 (%) 53 (42,1) 60 (58,3) 0,032
34,1 (%) 5(4) 15 (14,6) 0,005

None had important cervical or chest trauma.

Mean total body surface area (TBSA) burned was signifi-
cantly higher in FNB patients (18,1 + 16,4) compared to nFNB
patients (11,4 + 11,1), with a p value of <0,001. Fig. 2 shows
that in the categories of major burns, FNB patients predomi-
nate. Higher TBSAs are also positively and significantly cor-
related with the occurrence of respiratory infection (p<0,001).

The nFNB group had significantly more full-thickness
burns than FNB patients, as shown in 7able I11.

Inhalation injury was more frequent in FNB than nFNB
patients (n=17, 13.5% for FNB; n=3, 2.9% for nFNB,
p=0,005). Likewise, inhalation injury was more prevalent
among patients that developed respiratory infection than
among the others (n=9, 27.3% for RI; n=7, 4.4% for nRI,
p<0,001). The burn injury happened most frequently in a
closed space in the FNB group (n=54, 58.7%) and in an open
space in the nFNB group (n=44, 58.7%), which was not statis-
tically different (»=0,997). The majority of FNB patients re-
ceived primary medical assistance at the burn injury scene
(n=63, 51.6%), while nFNB patients were primarily assisted
mostly in the emergency room (n=73, 72.3%). Only a minority
of patients were initially assisted in a primary health care centre
(n=1, 0.8% for FNB; n=9, 8.9% for nFNB).

Endotracheal intubation (7able IV) was performed in 61
FNB patients (49.6%) and 6 nFNB patients (5.9%). The appli-
cation of the Chi-Square test showed that this difference was
statistically significant with a p-value of <0,001. Statistical
analysis also revealed that intubated patients have a meaning-
fully increased rate of respiratory infection (p<0,001). The ma-
jority of FNB patients were intubated at the burn injury scene
(n=40, 65.6%), while nFNB patients were mostly intubated in
the emergency room (n=4, 66.6%), which is in accordance with

Table IV - Endotracheal intubation
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the primary medical assistance scene. Only 1 patient was intu-
bated in the burn unit at an early stage (less than 72 hours from
admission). Otherwise, 3 patients were intubated in the setting
of the burn unit at a late stage: 2 FNB patients (one at day 63
because of macro-aspiration, and the other at day 13 because
of respiratory insufficiency type II) and 1 nFNB patient (at day
5 because of respiratory insufficiency type II). The reasons for
intubation were miscellaneous. In FNB patients, the most com-
mon reasons were “suspected inhalation injury” (n=23, 37.7%)
and “presence of face burn” (n=16, 22.2%). In nFNB patients,
the most documented reason for intubation was “transport of
the patient” (n=3, 50%). On the other hand, extubation was, on
average, performed later in patients without face or neck burns
(Table 1V). Patients that developed respiratory tract infections,
in turn, were extubated later than the others (7,3 £ 6,8 vs. 1,9
+ 1,8; p=0,015).

Microbiological isolates in respiratory secretions and
blood cultures are summarized in 7able V. Concerning FNB
patients, the most frequent microbiological strains isolated in
respiratory secretion cultures were Staphylococcus aureus
(20%), followed by Pseudomonas aeruginosa (15%) and
Streptococcus pneumoniae (10%). The most common strains
isolated in blood cultures were Staphylococcus aureus, Kleb-
siella pneumoniae, Enterococcus fecalis, Serratia marcescens,
Staphylococcus epidermidis (11.8% per strain).

Concerning nFNB patients, the most frequent microbio-
logical strain isolated in respiratory secretion cultures was
Klebsiella pneumoniae (33.3%). The most common strains iso-
lated in blood cultures were Klebsiella pneumoniae and
Staphylococcus epidermidis (18.75% per strain).

Considering patients with positive cultures, the number of
microbial strains isolated in each patient ranged from 1 to 5, and
the most common was the isolation of only one strain (Fig. 3).

Duration of hospitalization was longer in the nFNB group
(28,7+£20,2 vs. 24,1 +£ 20,2, 0,107). Mortality rate was higher
in the FNB group (n=19, 17.8% vs. n=9, 8.7%), but the differ-
ence was not statistically significant (p=0,089). Otherwise,
mortality rate was higher in patients who developed respiratory
infection (n=13, 52%) when compared to patients without res-
piratory infection (n=7, 5%) and the difference was statistically

FNB (n=126) nFNB (n=103) P
ETIL, n (%) 61 (49,6) 6(5,9) <0,001
Burn injury scene, n (%) 40 (65,6) 2(33,3)
ETI scene Emergency room, n (%) 20 (32,8) 4 (66,6)
Burn unit, n (%) 1(1,6) 0(0)
Inhalation injury suspected, n (%) 23 (37,7) 1(16,7)
Reasons for ETI Positive laringoscopy or BFC, n (%) 5(8,2) 1(16,7)
Desaturation, n (%) 7 (11,5) 1(16,7)
Adventitious sounds on lung auscultation, n (%) 5(8,2) 0(0)
Face burn 16 (22,2) 0 (0)
Face edema 6(9,8) 0(0)
Singed eyelashes, eyebrows and/or vibrissa 4(6,6) 0(0)
Airway protection 1(1,6) 1(16,7)
Transport 1(1,6) 3 (50)
Extubation day, x + o (m) 4,1£49(2) 12,7+9,0 (9) 0,009
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Table V- Microbiological isolates

Fig. 3 - Number of microbiological strains isolated.

significant (p<0,001). The duration of hospitalization until
death was higher in the nFNB group (45,4 + 40,5 vs. 20 + 38,3;
p=0,124).

Discussion

This work has shown the existence of a positive correlation
between FNBs and the occurrence of respiratory infection.

One of the major endpoints of this study was to determine
risk factors for respiratory infection in FNB patients. Other
studies demonstrate that older age, male sex, co-morbidities,
higher TBSAs and inhalation injury increase the risk of pneu-
monia in burn patients.'

Our main results were that early ETI, presence of inhala-

100

FNB FNB nFNB nFNB
Respiratory secretions Blood Respiratory secretions Blood
n % n % n % n %
Staphylococcus aureus 8 20 2 11,8 1 11,1 0 0
Pseudomonas aeruginosa 6 15 1 5,9 1 11,1 4 25
Streptococcus pneumoniae 4 10 0 0 0 0 0 0
Klebsiella pneumoniae 3 7,5 2 11,8 3 33,3 3 18,75
Haemophilus influenza 3 7,5 0 0 0 0 0 0
Candida albicans 3 7,5 0 0 1 11,1 2 12,5
Proteus mirabilis 2 5 1 5,9 0 0 1 6,25
Enterobacter cloacae 2 5 0 0 1 11,1 0 0
Serratia marcescens 2 5 2 11,8 1 11,1 0 0
Staphylococcus epidermidis 1 2,5 2 11,8 0 0 3 18,75
Enterococcus fecalis 1 2,5 2 11,8 0 0 0 0
Aeromonas hydrophyla 1 2,5 1 5,9 0 0 0 0
E. coli 1 2,5 1 59 0 0 0 0
Acinetobacter baumannii 1 2,5 0 0 0 0 0 0
Stenotrophomonas maltophila 1 2,5 0 0 0 0 0 0
Neisseria elongata 1 2,5 0 0 0 0 0 0
Morganella morganii 0 0 1 5,9 1 0 0 0
Providencia rettgei 0 0 1 5,9 0 0 0 0
Citrobacter koseri 0 0 1 5,9 0 0 0 0
Candida tropicalis 0 0 0 0 0 0 0 0
Brucela melitensis 0 0 0 0 0 0 1 6,25
Morganella morganii 0 0 0 0 0 0 1 6,25
Staphylococcus saprophyticus 0 0 0 0 0 0 1 6,25
Total 40 100 17 100 9 100 16 100
o Table VI - Outcome
» FNB (n=126) | nFNB (n=103) )4
Days of hospitalization,
« Y+ 0 (m) 24,1 +20,2 (18) | 28,7 +20,2 (24) | 0,107
50 Mortality, n (%) 19 (17,8) 9(8,7) 0,089
. Day of death, y + ¢ (m) | 20+ 38,3 (8,5) | 45,4 +40,5(28) | 0,124
30
" tion injury and higher TBSAs were the only independent risk
W © factors for respiratory infection in this population.
e - - - Early ETI was more frequent in FNB patients and, in turn,
. ,,,- °©o° m°°° IQD,, it was also more frequent in patients that developed respiratory
‘-mm,,..mm.m;‘ — 3-nmm,.,mw.m:w v infection. These differences were both statistically significant.
Interestingly, similar results have been reported in patients with

early onset pneumonia (EOP), where pre-hospital intubation
appears to be an independent risk factor for EOP in patients
with severe face and neck burns.® Early intubation in burn pa-
tients provides a portal for microbial contamination of the air-
way tract,!" which is probably the mechanism underlying the
increased risk of respiratory infections that we observed in our
population. On the other hand, patients with FNBs seem to be
at higher risk of having a difficult intubation, estimated to be
from 5% to 11%.%! Therefore early intubation before they
enter the burn unit might be necessary.'>!3 Our results should
not discourage physicians from performing intubation in FNB
patients, but rather encourage a serious analysis of risks and
benefits when considering airway management in this popula-
tion.

In our series, inhalation injury was more common in FNB
patients and, in turn, it was also more common in patients that
had respiratory infection. These differences were both statisti-



cally significant. Accordingly, previous literature also reports
that burn patients with inhalation injury have higher rates of
subsequent pneumonia'* and even that the incidence of pneu-
monia is higher when inhalation injury is more severe.' Inhala-
tion injury creates a damaged tracheobronchial mucosa, 161718
which is probably the mechanism underlying the observed in-
creased risk of respiratory tract infections.

Finally, our study determined that TBSA was also a risk
factor for respiratory infection in FNB patients. Indeed, pa-
tients with FNB had higher TBSAs and, moreover, patients that
developed respiratory infection also presented higher TBSAs.
The differences were both statistically significant. In accor-
dance with our results, Hoogewerf et al. showed that a more
extensive burn increased the risk for facial burns,* and Pham
et al. reported that TBSA was an independent risk factor for
pneumonia in burn patients over 55 years old.!°

In our population, the majority of patients were male and
the FNB group had a significantly higher proportion of men,
but this difference did not affect the rate of respiratory infec-
tion. Previous studies have also found that being male aug-
mented the risk for FNBs,* and a possible explanation is that
men, in our series, have a higher proportion of flash/flame
work-related burns compared to women, and these injuries typ-
ically affect the face. Furthermore, the literature describes that
not only male gender but also comorbidities were risk factors
for pneumonia in burn patients over 55 years old.!? In fact, the
only comorbidities that were significantly more prevalent in
the FNB group were diabetes and hypertension, but again, it
did not influence the occurrence of respiratory infection.
Maybe this effect of gender and comorbidities was not detected
in our study because our patients were younger.

In accordance with the current literature, the risk of pneu-
monia is associated with preoperative and pre-hospitalization
smoking.'-?* However, even taking into account that smoking
habits were high in our study population, this did not increase
the incidence of respiratory infection during burn unit stay.

Our work demonstrated that, although not statistically sig-
nificant, mortality rate is higher in the FNB group. On the other
hand, mortality rate is higher (with statistical significance)
among patients that developed respiratory infection. These re-
sults are consistent with recent studies on ventilator-associated
pneumonia (VAP), which demonstrate that VAP is a well rec-
ognized risk factor for mortality in general ICU patients.?! Fur-
thermore, the literature suggests that VAP prolongs mechanical
ventilation and stay in the ICU.?>?* However, in our results,
FNB patients, with greater rates of intubation, have shorter hos-
pitalizations. This bias might be related to the higher levels of
early mortality in this group, which determines shorter burn
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unit stays.

Concerning FNB patients, the most frequent microbiolog-
ical strains isolated in respiratory secretion cultures were
Staphylococcus aureus, Pseudomonas aeruginosa and Strep-
tococcus pneumonia (Table V). Similar results have been re-
ported in the literature. The EU-VAP study has identified
Staphylococcus aureus and Pseudomonas aeruginosa as the
pathogens isolated most often in patients with VAP.>* Studies
on severely burned face and neck patients with early onset
pneumonia,® on burn patients with early intubation and inhala-
tion injury,' and also on other ICU patients* show a prepon-
derance of Staphylococcus aureus, Streptococcus pneumonia
and Haemophilus influenzae. Keen et al. have found a higher
prevalence of gram negative organisms (including
Pseudomonas aeruginosa) in the respiratory specimens of burn
patients,? which is also in accordance with our findings.

Concerning nFNB patients, the most frequent microbio-
logical strain isolated in respiratory secretion cultures was
Klebsiella pneumoniae. Lipovy et al. also found Klebsiella
pneumoniae to be the most prevalent isolate in VAP occurring
later in the hospital stays of burn patients with inhalatory in-
jury.?” This finding might be in agreement with our results, con-
sidering that nFNB patients had longer hospitalizations and
were extubated later.

The main limitation of this study is that it is a retrospective
study. As a retrospective study, the temporal relationship is dif-
ficult to assess. Besides, we could not control exposure or out-
come assessment but instead needed to rely on others for
accurate recordkeeping, which can introduce bias on the data
and analysis.

Conclusions

Early ETI, presence of inhalation injury and higher TBSAs
appear to be independent risk factors for respiratory infection
in FNB patients.

Inhalation injury and TBSA are independent variables.
Therefore, intubation is the only risk factor that, being a de-
pendent variable, can be controlled by health care providers.
A burn on the face or neck is a warning sign of a possible in-
halation injury, and early intubation before the patient enters
the burn unit might be life-saving. However, unnecessary in-
tubation may increase morbidity and mortality. Therefore, a se-
rious analysis of risks and benefits of ETI in FNB patients is
mandatory. A face/neck burn is only one sign, and intubation
should only be performed in the presence of other suspicious
clinical signs. Indeed, guidelines on early airway management
in burn patients should be followed and, beyond that, updated.
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