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Abstract

PATIENT VENTILATOR DYSYNCHRONY: TYPES, FREQUENCY, PATTERNS IN THE
CRITICALLY ILL
By Karen Gwen Mellott Ph.D., R.N.
A dissertation submitted in partial fulfillment of the requirements for the degree of Doctor
of Philosophy at Virginia Commonwealth University
Virginia Commonwealth University, 2010
Major Director: Mary Jo Grap, Ph.D., RN, ACNP, FAAN
Professor, Adult Health, School of Nursing

Patient ventilator dyssynchrony (PVD) occurs frequently, but little is known about
the types, frequency and patterns of PVD for longer than 30 minutes. Deeper levels of
sedation are associated with PVD. Evaluation of ventilator graphics and the ability to
identify PVD should assist clinicians to optimize patient ventilator interactions and
promote earlier interventions. The purpose of this study was to identify the different
types, frequency and patterns of PVD in critically ill adults and determine the effect of
sedation level on PVD. Thirty medical and surgical ICU adult patients were enrolled; 27
were used for analysis. Pressure/time and flow/ time waveform data were collected
using the Noninvasive Cardiac Output monitor for up to 90 minutes per subject. Blinded
waveform analysis was performed. Sedation level was measured every 20 minutes. A

Dyssynchrony Index (DI) and PVD Type Indices were used to describe PVD frequency.
Lag analysis was used to detect associated patterns of PVD. PVD occurred during all
phases of ventilated breaths and during each of the ventilatory modes used. Heretofore
undocumented dyssynchrony in the form of patient gasp PVD, active triggers and
combined PVDs were found. The most common type of PVD was Ineffective Trigger
(63%), followed by Premature Termination-Flow (17%), Premature Termination (9%),
Multiple Trigger (1%), Flow (0.87%) and Delayed Termination (0.09%). The overall
frequency of dyssynchronous breaths in the sample was 23% of total breaths analyzed,
however 93% of subjects experienced at least one incident of PVD. The overall median
DI (Interquartile Range [IQR]) was 4% (1% - 9%) with Ineffective Trigger Index having
the highest median index (1.78%). The high DI group (6 subjects, 22%) had a DI (IQR)
of 61% (42% - 85%). Seventy seven percent of subjects experienced multiple types of
PVD. Premature Termination was followed by Multiple Triggers starting at 3 seconds,
but Delayed Termination was followed by Ineffective Triggers, starting at 30 seconds.
Clinicians need to recognize PVD, since this is a critical step in evaluating patient
ventilator interaction and providing subsequent intervention. PVD interpretation is
complex requiring clinicians to clearly understand the operational function of ventilator
modes and waveform alterations that occur.

CHAPTER 1. INTRODUCTION

Fifty percent of Intensive Care Unit (ICU) patients receive mechanical
ventilation.1 A phenomenon common to the experience of these patients, but not highly
recognized by clinicians, is the development of patient ventilator dyssynchrony (PVD). 2-5
In fact, Thille et al.6 found that 25% of ventilated patients exhibit dyssynchronous
ventilator interaction. Sassoon and Foster7 define PVD as a mismatch between patient
(neural) and ventilator assisted breaths (phase asynchrony), as well as the inability of
the ventilator’s flow delivery to match the patient’s flow demand (flow asynchrony). A
common term used to describe this phenomenon in practice is the elusive phrase,
“fighting the ventilator”; however, there are few empirical studies which elaborate on the
bio-behavioral markers to identify PVD in ICU patients.
Physicians and researchers have worked to improve patient-ventilator
interactions for two decades,8,9 yet optimal patient-ventilator interaction has still not
been achieved. Often, the use of sedation is required to increase the client’s tolerance
of the endotracheal tube, reduce anxiety, facilitate sleep, and improve synchronization
with the ventilator.10-14 However, achieving synchrony is a daunting task and
inappropriately high levels of sedation have been shown to prolong the duration of
MV,15 increase the need for diagnostic testing to determine responsiveness,16 and
increase the occurrence of one type of PVD, Ineffective Trigger.17
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There are complex and varied patient-related and ventilator-related factors which
influence the patient-technology interface and possible interventions to improve PVD
are based on these complex relationships. In the meantime, PVD persists, and
contributes to possible complications. PVD can result in adverse clinical outcomes
including hypoxemia,2 cardiovascular compromise,2 patient discomfort,18-20
anxiety/fear,18 impairment of sleep quality,21 prolonged mechanical ventilation,22 and
possible diaphragmatic injury.7;23 Given this data, a literature review with regard to the
factors contributing to PVD; the manifestations, measurement, types and causes of
PVD; nursing implications; and future directions for nursing research is presented
(Chapter 2).
Since recognition is underappreciated and PVD complications are serious,
optimizing the patient ventilator interaction begins with identification of PVD types,
frequency and patterns. Once clinicians can recognize PVD, onsite interventions can
be initiated to improve the patient ventilator interaction and reduce risk from
dyssynchronous patient-ventilator related complications. PVD has been detected by a
variety of measures,16-22 but there are few classification systems that objectify PVD. In
addition, Thille et al.9 and other studies6;17;22 have identified the occurrence of PVD
during short periods of time (≤ 30 minutes) using morphological and mathematical
definitions, however, very little is documented about the types, frequency, traits and
characteristics of PVD over longer periods of time in critically ill medical and surgical
adult patients. Since clinicians work with patients over extended time periods, an

2

investigation into the frequency, types and patterns of PVD over time is presented in
Chapter 3.
A descriptive, prospective and cross-sectional design was initiated to
explore the presence of PVD in mechanically ventilated, adult medical and surgical ICU
subjects up to a 90 minute period of time. The specific aims of this proposed research
were to: (a) identify the types, frequency and patterns of PVD over time; and (b)
determine the effect of sedation level on PVD. Thirty subjects were consented and
enrolled, with 27 available for data analysis. To identify PVD types, frequency and
patterns, airway pressure/time and flow/time waveform analysis was conducted based
on an expert classification system by Nilsestuen and Hargett, 2005.19 The pressure and
flow waveforms were obtained using the Non-Invasive Cardiac Output (NICO)
Cardiopulmonary Management system (Respironics®, Model 7300, Wallingford, CT).
The pressure and flow signals collected from the NICO were sent to a data acquisition
system (MP 150 Data Acquisition System®, Biopac Systems Inc, Goleta, CA). The MP
150 sampled, synchronized, amplified, time stamped and stored data until downloaded
for later analysis.
Waveforms were coded through a software package called the Observer XT 8.0
(Noldus, Inc). A breath by breath interpretation was completed during each subject’s
observed time period by the principle investigator (PI) (KGM). These breaths were then
independently validated with expert consultation. As new dyssynchronous breath types
emerged from the data, they were given a descriptive indicator, operational definition
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and added to the coding scheme for complete and thorough coding and documentation
longitudinally.
Patient ventilator dyssynchrony was found in both medical and surgical subjects
and during each of the ventilator modes included in this study. Ninety three percent of
subjects experienced at least one type of PVD, however 77% of all breaths (n= 43,758
breaths) in the sample were normal. The most common PVD was Ineffective Trigger,
followed by Premature Termination, Undocumented, Multiple Triggers, Flow PVD and
Delayed Termination. Heretofore, previously Undocumented PVDs were found, such as
active triggers, combinations of PVD during different phases of the same ventilated
breath and new variant forms of Flow PVD and Delayed Termination PVD (e.g. Patient
Gasp PVD and Resisting Ventilation). For the 27 subjects, the median Dyssynchrony
Index (IQR) for the sample was 4% (1% - 9%). There were 6 subjects (22%) who
experienced a clinically significant level of PVD (DI ≥ 10%, defined by Vitacca et al.24);
in this group the median DI (IQR) was 61% (42% - 85%). Both predictor PVD types
were followed by response PVD types, however at a low occurrence rate. Level of
sedation did not affect the DI (F (1, 25)= 1.33, p= 0.26). In addition, there was no
significant relationship between level of sedation (awake or deep sedation) and PVD
type index (Ineffective Trigger Index) using ANOVA (F (1,25)= 0.005, p= 0.94).
This study contributes new knowledge to the identification of PVD in medical and
surgical ICU patient populations and during all studied modes of mechanical ventilation.
In fact, new types of PVD were found and combinations of PVD can occur. This
evidence should alert clinicians to the possibilities that PVD is recognizable, may occur
4

in undocumented forms and may be generated from a variety of patient or ventilator
related issues for clinical evaluation and treatment.
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