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Abstract

Inhalation injury and bacterial pneumonia represent some of the most important causes of mortality in burn patients. Thirty-five severely
burned patients were randomised on admission for conventional ventilation (CV; control group) versus high frequency percussive ventilation
(HFPV; study group). HFPV is a ventilatory mode, introduced 10 years ago which combines the advantages of CV with some of those of
high frequency ventilation.

Arterial blood gases, ventilatory and hemodynamic variables were recorded for 5 days at 2 h intervals. Incident complications were
classically managed. A statistical analysis (Studertést and Wilcoxon signed rank test) demonstrated a significant higher/R&Q
from days 0 to 3 in the HFPV group. No significant differences were observed for the other parameters. Our findings suggest that HFPV
can improve blood oxygenation during the acute phase following inhalation injury allowing reduction,oMNei@ignificant differences
were observed between groups for mortality nor incidence of infectious complications in this study.
© 2002 Elsevier Science Ltd and ISBI. All rights reserved.
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1. Introduction The purpose of this randomised study is to compare the
use of CV and HFPV in patients with inhalation injury as-
Inhalation injury represents a dramatic complication in sociated with burn damage. This study represents the first
thermally injured patients, increasing morbidity and mortal- randomised trial using this kind of ventilation in patients
ity [1,16] by predisposing to the development of bacterial Wwith inhalation injury.
pneumonias. It frequently causes progressive respiratory in-
sufficiency leading to acute respiratory failjB3.
Current treatment modalities for respiratory insufficiency 2. Materials and methods
from inhalation injury include support with artificial con- ) ) )
ventional ventilation (CV: volume-cycled positive pressure After this protocol was reviewed and authorised by the
ventilators) associated with supplemented oxygen, frequent/nStitutional Review Board of our hospital, 35 patients ad-
tracheo-bronchial toilet and anti-microbial therdfyl6]. mitted during a 20-month period to the Belgian Army Burn
Unfortunately, CV support fails in many cases, leading Centre of_Bru_sseIs were enrqlled in the protocol according to
to excessive ventilatory pressures and possible occurrencdN€ following inclusion criteria: age >18 years, burned sur-
of volutrauma or barotrauma, lack of elimination of carbon face area >20% and presence of inhalation injury according
dioxide or insufficient blood oxygenatida,3].An interest- L0 recognised criteria (closed space fire, facial burns, car-
ing alternative to CV support methods is high frequency per- ponacequs sputum, positive bronchial 'f|broscopy with soot
cussive ventilation (HFPV), which is a recent form of high N the airways), with need for mechanical ventilatory sup-
frequency ventilation administered by a volumetric diffu- POt Pregnant women were excluded.

sive respirator (VDR) developed by Forest M. Bj@]. This Patients were randomly aII(_)cated by a random number
technigue combines some advantages of high frequency withtable to the control group with CV or the study group
others of CV support. ventilated with HFPV. Inhalation injury was confirmed by

analysis of clinical data, circumstances of burns and bron-
choscopic examinatioriTéble 1. Initial fluid resuscitation
* Corresponding author. Tek:32-2-264-48-48; fax:+32-2-262-14-80. was calculated at 3ml/kg per percent burned surface area
E-mail address: reper@smd.be (P. Reper). per day (Parkland formuld)6,19].
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Table 1 Table 2
Population: inhalation criteria in randomised groups Population: age and burn surface area in randomised groups

Group | Group Il P-value Group | Group Il P-value
Close space fire 15/17 16/18 NS Patients 17 18
Facial burns 15/17 16/18 NS Mean age (years) 413 22 41.3+ 15 NS
Carbonaceous sputum 5/17 6/18 NS Burn surface area (%) 462 22.3 51.7+ 21.3 NS
Ventilatory support on the field 11/17 12/18 NS — - = —
Bronchoscopy ) 15/17 16/18 NS Group | receiving CV (Evita, Drager) and group Il receiving HFPV

Group | receiving CV (Evita, Drager) and group Il receiving HFPV
(VDR4, Percussionaire Corporation). NS: not significant.

(VDR4, Percussionaire Corporation). NS: not significant.

Group data were expressed as median and range. Statis-

tical analysis was performed to assess differences between

Maintenance fluids were also administered with a severe groups (unpaired Student'sest and Wilcoxon signed rank
restriction to 1 ml/(kgh). Colloids (human albumin 20%) test). Conventional volume-controlled ventilation was de-
were started 8 h after admission and packed cells were giveniivered through a conventional respirator (Evita 2, Drager
to restore blood volume and to maintain hematocrit >25%. vt 7) 10 ml/kg; respiratory rate (RR) 12—18 breaths/min).
Midazolam (0.1 mg/(kgh)) and sufentanyl (0.1 mg/(kgh)) The conventional ventilator was set in volume-controlled
infusions were used for sedation and analgesia. mode delivered through square flow wave flow profile

Antibiotic coverage was instituted when indicated by clin-  with tidal volume, RR, FiQ, inspiratory flow and respira-
ical, radiological and bacteriological data and adapted to thetory time selected by the attending physician to maintain
results of bacterial cultures. adequate gas exchanges (arterial saturation higher than

Hemodynamic variables were assessed using invasivegsgy).
central venous and arterial monitoring; pulmonary artery  HFPV was delivered by a high frequency pulse genera-
catheters were used in 17 patients (eight in group | andtor (Bird Space Technologies, Percussionaire Corporation,
nine in group ). All of the patients needed mechanical Sand Point, ID). Gas from a pulse generator is administered
ventilatory support before or on admission to maintain nor- through a non gated venturi connected to an endotracheal
mocapnia £45mmHg) and an arterial Osaturation >85%  tube; the venturi entrains humidified gas from the ventilator.
with adaptation of the inspired oxygen concentration. The system combines high frequency volume breaths with

During the first 5 days following injury, FiQ PEEP, g variablel/E ratio; periodically the flow is interrupted to
PaCQ and Pa@ were measured at 2 h intervals. return to baseline CPAP.

Blood gas analysis and calculation of haemoglobin satu-  The ratio between the percussive phase and baseline CPAP
ration were performed on an ABL300 radiometer (Copen- s adapted following the results of blood oxygenation and
hagen) and ventilatory parameters were measured using thecQ, elimination. Peak airway pressure can be adjusted to
on line system of the ventilator. The airway pressure was influence CQ level [1,2].
measured between the Y-piece of the ventilator circuit and HFPV frequency was always between 600 and 800 cy-
the proximal end of the endotracheal tube. Side effects andcles/min; FiQ and PEEP were adjusted to obtain ap O
incidence of pulmonary infections were noted. saturation >85%.

P <0.05
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Fig. 1. Evolution of Pa@/FiO, in CV and HFPV groups (data are expressed as median).
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Full humidification was performed through the ventilator
system to protect the tracheo-bronchial mucosa.

3. Results

Patients’ characteristics are listedTable 2 There was

505

We observed neither a significant difference in mortality
nor incidence of pulmonary infections between the CV and
HFPV groups.

Fourteen patients survived in the two groups (78 and
82%, respectively), 10 patients developed microbial pneu-
monia in the HFPV group (59%) and 11 in the CV group
(61%).

no significant difference between the two groups for age and One patient died during the study period in each group
burn surface area. A statistically significant increase of the (multiple organ failure related to sepsis; burned surface
PaQy/FiO, ratio was observed in the HFPV group during the area, 46 and 52%; age, 42 and 46 years); use of the

first 3 days post-injuryKig. 1): FiO; in the CV group was
significantly higher than in the HFPV groupi§. 2), while

other ventilatory mode did not improve the respiratory
and hemodynamic status of these patients. Mean PEEP

no statistical significance was noted between the two groupslevels were not significantly different (% 2.4 cmH0

for COy elimination Fig. 3), PaQ (Fig. 4), ventilatory
pressures PIP and MAFFigs. 5 and $ and hemodynamic
data.

under CV and & + 2.1 cmH,O under HFPV). No side
effects (particularly barotrauma) were noted in either

group.
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Fig. 2. Evolution of FiQ values in CV and HFPV groups (data are expressed as median).
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4. Discussion The use of superimposed high frequency cycles on con-
ventional cycles could also represent an interesting form of
Smoke inhalation is frequently associated with burn lung opening manoeuvre leading to a better alveolar recruit-
injury and seems to be the first cause of death on the ment which is now considered as one of the important ele-
site of the disaster (30—90% in all populations). Several ments which conditions gas exchanges in patients with acute
physio-pathological mechanisms for inhalation injury toxic- lung injury.
ity have been proposed (toxins, anoxia, airway obstruction, Lung opening manoeuvres, such as sighs or deep breaths
etc.)[16,17,24] are known to improve compliance and oxygenation in anaes-
Cioffi et al. report a 20-40% increase in mortality in burn thetised or ARDS patients and represent an interesting alter-
patients in presence of inhalation injUfyj. The mechanisms  native to the use of high PEEP to increase alveolar recruit-
of this phenomenon are complex and not fully understood ment.
[1,6,22] Carlton et al. confirm these benefits of HFPV versus CV
Tracheo-bronchial injury impairs the normal mucocil- in a randomised trial including 309 patients with ARDS but
iary clearance of the lung and leads to distal atelectasiswithout influence on mortality4] and Velmahos et al. ob-
favouring microbial infections and development of hy- serve during HFPV an improvement of blood oxygenation
poxaemia by alterations of ventilation/perfusion ratibs in patients with acute respiratory failure at higher mean air-
Barotrauma or volutrauma due to CV support could also be way pressuref20].
result from alterations of the epithelial integrity or exudative  Cioffi et al. describe an improvement in survival rate and
phenomena leading to a ball valve effect and air trapping a decrease in the incidence of pneumonia in burned patients
[7]. treated with prophylactic use of HFPV after smoke inhala-
Inhalation injury also impairs surfactant production by tion injury in comparison with a predicted mortality calcu-
type 1l pneumocytes and inhibits the phagocytic capacities lated on a previous group of patients and applied to the study
of the macrophages while granulocytes are being activatedgroup[3]. Cortiella et al. also confirm the interest of HFPV
releasing various mediators altering the integrity of the cap- in paediatric patients with inhalation injuf21].
illary membrand8]. Our study represents the first randomised trial in severely
All these alterations may explain the high incidence of burn patients suffering from inhalation injury. These results
pulmonary infection (8.8—60%), the development of hypox- suggests the ability of HFPV to improve blood oxygenation
emia and hypercarbia, and the alteration of the ventila- in severely burned patients with smoke inhalation during the
tion/perfusion ratio, observed in acute respiratory failure in first 72 h following injury. However, this study fails to show
burned patient§5,7,8]. a positive effect on global mortality and on the incidence of
Bacterial infection represents one of the leading causes ofpulmonary infections.
death in severely burned people, the totality of respiratory  This observation could be explained by different factors.
complications being the most frequent cause of death in thisThe evolution of severely burned patients is influenced by

population, responsible for 18-24% of all deafhs3,16] the burn characteristics (depth), by the incidence of various
The elderly seem more prone to these deleterious effectscomplications (septic, metabolic, etc.) and by comorbidities
[3,18]. which will influence the clinical course.

Therefore, the goals of treatment would ideally be to cor-  This study fails also to confirm the theoretically expected
rect these pathological changes with minimal side effects. beneficial effects on ventilatory pressures as it was suggested
CV with volume-cycled positive pressure ventilators does by the study Rodeberg et §5]. This could be explained by
not seem to be the best solution for this purpose: clearance ofthe poor quality of the monitoring section of the VDRA4: pre-
lung secretions is impaired and high ventilatory peak pres- cise measurements of ventilatory pressures and spirometric
sures (associated or not with high Bi)are actually recog-  data are difficult to obtain and not available at this moment.
nised as being poor prognostic factors for the recovery of  This study also confirms that HFPV is well tolerated and
lung function and final outcome of these critically ill patients the absence of relevant haemodynamic interference in pa-
[3,8,12—-14,23] tients with inhalation injury.

HFPV represents an interesting alternative: HFPV could  Further controlled studies are required to investigate the
induce a more efficient gas distribution with lower peak air- effects of HFPV on ventilatory parameters and mortality.
way and transpulmonary pressures, less impact on circula-Adequate respiratory monitoring should be obtained by in-
tion and lower positive endotracheal pressure throughout thedependent ventilatory monitoring which allows to measure
respiratory circlg9-11,15] spirometric and mechanical parameters under HFPV.

All these factors could be beneficial for the ventilatory The data presented in this study confirm and extend earlier
support of patients with severe inhalation injury and acute data in the literature demonstrating that HFPV represents an
respiratory failure. HFPV could also allow ventilation at alternative means for providing of ventilatory support to pa-
lower inspired oxygen concentration (FQa high FiQ is tients with burns and lung damage. Further investigations are
suspected to increase the pulmonary sensitivity to infection necessary to determine whether percussive ventilation can
[3]. reduce lung damage related to positive pressure ventilation.



508 P. Reper et al./Burns 28 (2002) 503-508

Acknowledgements ventilation in two models of lung injury. Anesth Analg 1982;61:323—
32.

We gratefully acknowledge the help and support of the [12] Coalson JJ, King RJ, Winter VT, et al. Oxygen and

intensive care staff pneumonia-induced lung injury. Part |. Pathological and

morphometric studies. J Appl Physiol 1989;67(1):346-56.
[13] Tsuno K, Prato P, Kolobow T. Acute lung injury from mechanical
ventilation at moderately high airway pressures. J Appl Physiol

References 1990:69(3):956-61.
[14] Yyler DC. Positive end-expiratory pressure: a review. Crit Care Med
[1] Cioffi W, Graves T, Mc Manus W, Pruitt B. High frequency 1983;11:300.
percussive ventilation in patients with inhalation injury. J Trauma [15] Quan SF, Militzer HW, Calkins JM, et al. Comparison of high
1989;29(3):350-4. frequency jet ventilation with conventional mechanical ventilation in

[2] Gallagher J, Boyse P, Davidson D, et al. High frequency percussive saline lavage rabbits. Crit Care Med 1984;12:759-63.
ventilation compared with conventional mechanical ventilation. Crit [16] Haponik E, Munster A, et al. Respiratory injury: smoke inhalation

Care Med 1989;17(4):364—-6. and burns. New York: McGraw-Hill, 1990.

[3] Cioffi W, Rue L, Graves T, Mc Manus W, Mason A, Pruitt B. [17] Haponik E, Summer W, et al. Respiratory complications in burned
Prophylactic use of high frequency percussive ventilation in patients patients: pathogenesis and spectrum of inhalation injury. J Crit Care
with inhalation injury. Ann Surg 1991;213(6):575-80. 1987;2:49.

[4] Carlton GC, Howland WS, Ray C, et al. High frequency jet [18] Zawacki B, Azen S, et al. Multifactorial probit analysis of mortality
ventilation: a prospective randomised evaluation. Chest 1983;84:551— in burned people. Ann Surg 1979;189:1.

9. [19] Graves T, Cioffi W, Mc Manus W, et al. Fluid resuscitation of infants

[5] Shumazi T, Yukioka T, Hubbard G, et al. Frequency of VA/Q rates and children with massive thermal injury. J Trauma 1988;28(12):656.
following smoke inhalation. USAISR Annual Research Progress [20] Velmahos GC, Chan LS, Tatevossian R, et al. High frequency
Report, 1988. percussive ventilation improves oxygenation in patients with ARDS.

[6] Shirani KZ, Pruitt Jr BA, Mason Jr AD. The influence of inhalation Chest 1999;116(2):440-6.
injury and pneumonia on burn mortality. Ann Surg 1985;205:82-7. [21] Cortiella J, Micak R, Herndon D. High frequency percussive

[7] Hurst JM, Branson RD, DeHaven CB. The role of high frequency ventilation in paediatric patients with inhalation injury. J Burn Care
ventilation in post-traumatic respiratory insufficiency. J Trauma Rehabil 1999;20(3):232-5.
1987,;27:236-42. [22] Micak R, Cortiella J, Desai M, Herndon D. Lung compliance, airway

[8] Hurst resistance and work of breathing in children after inhalation injury.
JM, DeHaven CB. Adult respiratory distress syndrome: improved J Burn Care Rehabil 1997;18(6):531-4.
oxygenation during high frequency jet ventilation/continuous positive [23] Fitzpatrick JC, Cioffi Jr WG. Ventilatory support following burns
and expiratory pressure. Crit Care Med 1984;96:764-9. and smoke inhalation injury. Respir Care Clin N Am 1997;3(1):21—

[9] Jibelian G, Lachmann B. Gas exchange during conventional and high 49 [review].
frequency pulse ventilation in the surfactant deficient lung: influence [24] Lentz CW, Peterson HD. Smoke inhalation is a multilevel insult
of positive end expiratory pressure. Crit Care Med 1984;12:769-73. to the pulmonary system. Curr Opin Pulm Med 1997;3(3):221-6

[10] Kaiser KG, Davies NJ, Rodriguez R, et al. Efficacy of high frequency [review].
ventilation in presence of extensive ventilation perfusion mismatch. [25] Rodeberg DA, Maschinot NE, Housinger TA, et al. Decreased
J Appl Physiol 1985;58:9961004. pulmonary barotrauma with the use of volumetric diffusive respiration
[11] Kolton MK, Cattran CB, Kent G, et al. Oxygenation during in paediatric patients with burns: the 1992 Moyer award. J Burn

high frequency ventilation compared with conventional mechanical Care Rehabil 1992;13(5):506-11.



	High frequency percussive ventilation and conventional ventilation after smoke inhalation: a randomised study
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References


