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BACKGROUND: Ineffective effort (IE) is a frequent patient-ventilator asynchrony in invasive mechan-
ical ventilation. This study aimed to investigate the incidence of IE and to explore its relationship with
respiratory drive in subjects with acute brain injury undergoing invasive mechanical ventilation.
METHODS: We retrospectively analyzed a clinical database that assessed patient-ventilator asyn-
chrony in subjects with acute brain injury. IE was identified based on airway pressure, flow, and
esophageal pressure waveforms collected at 15-min intervals 4 times daily. At the end of each data
set recording, airway-occlusion pressure (Py;) was determined by the airway occlusion test. IE index
was calculated to indicate the severity of IE. The incidence of IE in different types of brain injuries
as well as its relationship with Py ; was determined. RESULTS: We analyzed 852 data sets of 71 sub-
jects with Py; measured and undergoing mechanical ventilation for at least 3 d after enrollment. IE
was detected in 688 (80.8%) data sets, with a median index of 2.2% (interquartile range 0.4-13.1).
Severe IE (IE index = 10%) was detected in 246 (28.9%) data sets. The post craniotomy for brain
tumor and the stroke groups had higher median IE index and lower P,; compared with the trau-
matic brain injury group (2.6% [0.7-9.7] vs 2.7% [0.3-21] vs 1.2% [0.1-8.5], P = .002; 1.4 [1-2] cm
H,O vs 1.5 [1-2.2] ecm H,0 vs 1.8 [1.1-2.8] cm H,0, P = .001). Low respiratory drive (Py; < 1.14
cm H,0) was independently associated with severe IE in the expiratory phase (IEE) even after
adjusting for confounding factors by logistic regression analysis (odds ratio 5.18 [95% CI 2.69-10],
P < .001). CONCLUSIONS: IE was very common in subjects with acute brain injury. Low respira-
tory drive was independently associated with severe IEE. Key words: ineffective effort; respiratory
drive; acute brain injury, patient-ventilator asynchrony, mechanical ventilation. [Respir Care 2023;68

(9):1202-1212. © 2023 Daedalus Enterprises]

Introduction

Ineffective effort (IE) refers to a patient’s inspiratory
effort failing to trigger a ventilator breath, a common type of
patient-ventilator asynchrony in critically ill patients under-
going mechanical ventilation.' It could occur in both inspir-
atory and expiratory phases, possibly resulting in muscle
atrophy, contractile dysfunction, and eccentric contractions
of the diaphragm, therefore inducing muscle injury.** Severe
IE has been found to be associated with poor outcomes,
including decreased weaning success, longer duration of me-
chanical ventilation, longer stay in the ICU, and higher mor-
tality.>® However, its incidence is remarkably varied
because different populations were studied and different
detection methods were used.*°

Previous studies showed that dynamic hyperinflation,
intrinsic PEEP, and low respiratory drive might promote
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IE."*!! Dynamic hyperinflation and intrinsic PEEP, as com-
mon etiologies of IE in patients with COPD, have been fre-
quently studied."'® Low respiratory drive is mainly attributed
to deep sedation and overassistance.*'?> However, it could
also be caused by direct injuries to the respiratory center,
including the brain stem and cortex."* Few studies have con-
centrated on the incidence of IE in subjects with acute brain
injury.'*

This retrospective study aimed to assess the incidence of
IE in subjects with acute brain injury at the initiation of me-
chanical ventilation. Esophageal pressure (P.;) monitoring
was used to facilitate the diagnosis of IE occurring in differ-
ent respiratory phases. Airway-occlusion pressure (Pg )
was used as a marker of respiratory drive, and its relation-
ship with IE was determined." In addition, we also tried to
explore the association between opioids/sedatives adminis-
tration and the incidence of IE in this subject population.
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Methods
Study Population
This was a secondary analysis of data collected as a prior

prospective observational study investigating patient-venti-
lator asynchrony in adult subjects with acute brain injuries

SEE THE RELATED EDITORIAL ON PAGE 1322

in the ICU of Beijing Tiantan Hospital, Capital Medical
University (ClinicalTrials.gov: NCT03212482). Subjects
diagnosed with acute brain injuries and underwent mechan-
ical ventilation were enrolled within 24 h of initiation of
mechanical ventilation. Subjects were excluded if they met
one of the following criteria: (1) duration of mechanical
ventilation was < 72 h; (2) presented with epilepsy; (3) agi-
tation; (4) contraindications for esophageal balloon catheter
insertion; (5) evidence of active air leak from the lung that
included bronchopleural fistula, pneumothorax, pneumo-
mediastinum, and chest tube; and (6) without spontaneous
breathing.

The study protocol was approved by the institutional
review board of Beijing Tiantan Hospital, Capital Medical
University (KY 2017-028-02).

Data Collection

Demographic and clinical data were extracted from elec-
tronic medical records, consisting of classification of the
brain injury, Glasgow coma scale score at admission,
comorbidities, APACHE 1II score at ICU admission and
related clinical data, duration of mechanical ventilation, as
well as the length of stay in the ICU.

Subjects were connected to an Avea ventilator (Vyaire
Medical, Mettawa, Illinois) after enrollment. Then an
esophageal balloon catheter (SmartCath-G catheter, lot
7003300, Vyaire Medical) was placed for P.; monitoring
and tube feeding simultaneously. The esophageal balloon
was placed in the lower two thirds of the intrathoracic
esophagus, and the optimal balloon position was deter-
mined by the Baydur occlusion test in subjects with spon-
taneous breathing'® or by the positive-pressure occlusion
test in those without."”
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Current knowledge

Ineffective effort (IE) is a common patient-ventilator
asynchrony in the ICU. Dynamic hyperinflation, intrinsic
PEEP, and low respiratory drive caused by deep sedation
and overassistance are all risk factors for the high inci-
dence of IE. Severe IE has been shown to be associated
with poor outcomes, including prolonged duration of me-
chanical ventilation, longer stay in the ICU, and higher
in-hospital mortality.

What this paper contributes to our knowledge

This study found that IE was frequent in subjects with
acute brain injury, especially those with brain tumor and
stroke involving the infratentorial region. Both inciden-
ces of IE and severe IE were high. Low respiratory drive
was independently associated with severe IE in the expir-
atory phase. However, no relationship between IE in the
inspiratory phase and respiratory drive was found.

Airway pressure (P,,,), flow, and P., waveforms were
collected via a dedicated acquisition system (VOXP
Research Data Collector 3.2, Applied Biosignals, Weener,
Germany) at a frequency of 100 Hz. The signals were
recorded 4 times daily, each for 15 min, and saved as one
waveform data set. The waveform collection was con-
ducted for 3 d and stopped in case of separation from the
ventilator. End-expiratory occlusion was performed at the
end of each recording. For subjects with spontaneous
breathing, P, ; was measured and averaged for 5 occlusions
to represent the respiratory drive. '’

Ventilator modes and settings, respiratory parameters,
the use of opioids/sedatives and neuromuscular blocking
agents, sedation-agitation scale (SAS), and Glasgow coma
scale score during each recording were collected. Arterial
blood gas analysis was carried out at least once per day for
each subject. Ventilator modes and settings, respiratory pa-
rameters, and administration of opioids/sedatives were
determined by the ICU physicians and remained unchanged
during recordings. Investigators were not involved in the
treatment of subjects.

Supplementary material related to this paper is available at http://www.
rcjournal.com.
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Fig. 1. Flow, airway pressure (P,y), and esophageal pressure (Pes) over time during pressure assist/control ventilation showed ineffective efforts
(IEs) occurring in mechanical inspiratory and expiratory phases. |IE was identified as a decrease in P.s associated with a simultaneous increase
in flow and/or a decrease in P,,, that was not followed by a ventilator cycle. Red arrows indicate ineffective inspiratory effort occurring in
mechanical expiratory phase. The blue arrow shows ineffective inspiratory effort occurring in mechanical inspiratory phase, and gray vertical
lines indicates the onset of inspiratory efforts. A: IEs in a subject with lower respiratory drive; B: IEs in a subject with higher respiratory drive.

Definition of Ineffective Effort

Patient-ventilator asynchrony was identified by visual
inspection of P, flow, and P, waveforms. IE was defined
as an inspiratory effort, indicated by a decrease in P, asso-
ciated with a simultaneous increase in flow and/or a
decrease in P,, that was not followed by a ventilator cycle.
IE could occur in both mechanical inspiratory phase (IEI)
and expiratory phase (IEE)."'® The example waveforms are
shown in Figure 1. Waveforms were analyzed offline by
the 2 investigators (XYL and XH) independently. All
breaths were inspected and identified by the 2 investigators.
The diagnosis of patient-ventilator asynchrony was con-
firmed when the 2 investigators made the same decisions.
Otherwise, the final decision was made based on a group
discussion (HLL, YLY, and JXZ).

IE index was defined as the number of IEs divided by the
total number of ventilator cycles and IEs. Severe IE was
defined as IE index = 10% based on the data set."

Statistical Analysis

Non-normally distributed continuous variables were
described as median (interquartile range) and compared
between groups using the Mann-Whitney U test or Kruskal-
Wallis analysis-of-variance test with Bonferroni correction.
Categorical variables were expressed as proportions and
compared across groups using the chi-square test or the
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Fisher exact test. The predictive ability of P ; to correctly pre-
dict severe IE was assessed by calculating the area under the
receiver operating characteristic curve. The statistical analysis
was performed using SPSS 21.0 software (IBM, Armonk,
New York). P < .05 was considered statistically significant.

Results

During the study period (June 2017-July 2019), 264 sub-
jects diagnosed with acute brain injury who underwent me-
chanical ventilation were screened. In total, 193 subjects
were excluded, comprising 104 subjects < 18 y, 55 with a
duration of mechanical ventilation < 72 h, 25 with epilepsy,
3 with contraindications for esophageal balloon catheter
insertion, and 6 without spontaneous breathing. The remain-
ing 71 subjects with 852 data sets covering 266,229 breaths
were analyzed, including stroke (36.6%), traumatic brain
injury (TBI, 26.8%), and post craniotomy for brain tumor
(36.6%). Subjects with TBI had lower Glasgow coma scale
scores and slightly higher APACHE II scores than those
with stroke and brain tumor. The characteristics of the cohort
are shown in Table 1.

The Incidence of Ineffective Effort
IE was detected in all subjects covering 688 (80.8%)

data sets, with a median IE index of 2.2% (0.4-13.1).
Severe IE (IE index = 10%) was detected in 48 (67.6%)
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Table 1.  Comparison of Characteristics Among Different Classification of Brain Injuries

Category Post Craniotomy for Brain TBI Stroke P
Tumors (n = 26) (n=19) (n=126)

Age,y 53 (44-62) 53 (37-69) 60 (38-67) .85
Male 17 (65.4) 15 (78.9) 17 (65.4) .55
APACHE II at ICU admission 16 (13-20) 21 (17-25) 19 (14-21) .02
Glasgow coma scale at inclusion 11 (9-11) 6 (5-7) 11 (6-11) .001
Infratentorial lesions 17 (65.4) 2 (10.5) 12 (46.2) .001
P.0,/Fio, at inclusion, mm Hg 211 (166-302) 260 (180-338) 230 (164-351) .85
P.co, at inclusion, mm Hg 38 (34-42) 42 (36-46) 37 (30-42) .14
Intrinsic PEEP cm H,O 0.7 (0-1.5) 1.3 (0-3.5) 0.9 (0-1.8) .001
Comorbidity

COPD 0 2 (10.5) 0 .069

Hypertension 11 (42.3) 3 (15.8) 13 (50) .056

Diabetes mellitus 3(11.5) 3 (15.8) 7 (26.9) 34

Coronary heart disease 3(11.5) 2 (10.5) 4 (15.4) .99
Outcomes

ICU mortality 1(3.8) 2(10.5) 5(19.2) .26

In-hospital mortality 2(7.7) 2(10.5) 6(23.1) 32
For subjects alive at hospital discharge (n = 61) n=24 n=17 n=20

Duration of mechanical ventilation, d 8 (5-17) 10 (6-21) 7 (5-15) 34

Successful weaning 20 (76.9) 15 (88.2) 19 (73.1) 94

LOS inICU, d 16 (10-25) 30 (10-43) 16 (8-21) 13

LOS in hospital, d 38 (26-48) 30 (24-46) 34 (23-40) .63

Data are presented as 7 (%) or median (interquartile range).

TBI = traumatic brain injury

APACHE II = Acute Physiology and Chronic Health Evaluation II
LOS = length of stay

subjects covering 246 (28.9%) data sets, with a median IE
index of 26.7% (16.8—40).

Data sets with severe IE had lower Py ;, lower breathing
frequency, lower minute ventilation, and higher P,co, level
than those without (Fig. 2). They had higher Glasgow coma
scale scores and received fewer opioids/sedatives adminis-
tration. No significant differences were found in ventilator
mode, tidal volume, and SAS score between data sets with
and without severe IE. Subgroup analysis of 543 data sets
with no administration of opioids/sedatives yielded similar
results (Table S1, see related supplementary materials at
http://www.rcjournal.com).

Factors Associated With Ineffective Effort

Brain injury. The post craniotomy for brain tumor and the
stroke groups had higher IE index, lower Py, and lower
breathing frequency compared with the TBI group (Fig. 3).
No significant differences were found in tidal volume (8.6 [7—
99 mL/kg vs 7.9 [7.1-9.7] mL/kg vs 8 [7.2-9.3] mL/kg, P =
.08) and minute ventilation (8.7 [7.2—10.3] L/min vs 8.8 [7.2—
10.4] L/min vs 8.8 [7.4—12] L/min, P = .033) between groups
after Bonferroni correction. Severe IE was more common in
the stroke group than the post craniotomy for brain tumor
and the TBI groups (38.1% vs 24.4% vs 22.4%, P < .001).
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The post craniotomy for brain tumor and the stroke groups
also had a higher proportion of infratentorial lesions than the
TBI group (65.4% vs 46.2% vs 10.5%, P = .001). Subjects
with infratentorial lesions had higher IE index, lower P,
lower breathing frequency, but larger tidal volume than those
with supratentorial lesions (Fig. 4). In addition, they also had
higher Glasgow coma scale score, higher SAS score, higher
P.co,, and lower minute ventilation than those with supraten-
torial lesions (11 [10-11] vs 7 [5-10], P < .001; 4 [3-4] vs 3
[2-3], P < .001; 40 [36-45] cm H,0 vs 38 [34-42] cm H,0,
P = .002; 8.4 [6.9-9.9] L/min vs 9.1 [7.6-11.2] L/min,
P < .001, respectively). For subjects who did not receive
opioids/sedatives, similar results were obtained.

Administration of opioids/sedatives. No-drugs group had
higher IE index, lower Py, and lower minute ventilation
compared with opioids only and the opioids + sedatives
groups. No significant differences were found in IE index,
Py 1, tidal volume, and minute ventilation between no drugs
and sedatives only groups (Fig. 5). No drugs and sedative
only groups had higher median SAS scores compared with
opioids only and opioids + sedatives groups (3 [3—4] vs 3
[3-4] vs 3 [2-4] vs 3 [24], P < .001). No significant dif-
ferences in Glasgow coma scale score were found among
sedative only, opioids only, opioids + sedatives, and no
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Fig. 2. Data sets with severe ineffective effort (IE) (IE index = 10%) had lower airway-occlusion pressure, lower breathing frequency, lower mi-
nute ventilation, and higher P,co, level than those without. P 4 = airway-occlusion pressure.
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Fig. 3. Comparison of ineffective effort (IE) index, airway-occlusion pressure (Pg +), breathing frequency, and minute ventilation among different
brain injury groups. Post craniotomy for brain tumor and the stroke groups had higher IE index (A), lower Pg 4 (B), and lower breathing frequency
(C) than the traumatic brain injury (TBI) group. They also had relatively lower minute ventilation (D) than the TBI group, although no significant
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larger tidal volume (D) than supratentorial lesions group. |E = ineffective effort; Py 4 = airway-occlusion pressure.

drugs groups (8 [6—11] vs 8 [5-11] vs 9 [6-11] vs 10 [7—
11], respectively, P = .25).

Subjects in the TBI group received more opioids/seda-
tives administration, especially opioids + sedatives, com-
pared with the stroke and the post craniotomy for brain
tumor groups (P < .001) (Fig. 6). They also had lower SAS
scores than the stroke and the post craniotomy for brain tu-
mor groups (3 [2-3] vs 3 [2-4] vs 4 [3-4], P < .001).

Ineffective Effort in Inspiratory and Expiratory Phases

IEI occurred in 443 (52%) data sets and accounted for
249 of all IEs. In comparison, IEE occurred in 606 (64%)
data sets, accounting for 76% of all IEs. IEE was more fre-
quent than IEI in our subject group.

According to different IE types detected, 852 data sets
were divided into 4 groups, including IEI only (9.6%), IEE
only (28.8%), IEl + IEE (42.4%), and no IE (19.2%)
groups. The IEE only group had higher IE index, lower
Po.1, lower minute ventilation, and lower breathing fre-
quency than no IE group (Fig. 6). Tidal volume and P,co,
level between IEE only and no IE groups were comparablé
(Table S2, see related supplementary materials at http://
www.rcjournal.com). The IEI only group had a larger tidal
volume than no IE group (8.8 [7.6-10.3] mL/kg vs 7.8
[6.7-8.7] mL/kg, P < .001). Py; and minute ventilation

RESPIRATORY CARE ® SEPTEMBER 2023 VoL 68 No 9

between IEI only and no IE groups were comparable
(Fig. 7). Similar results were obtained for subjects who
did not receive opioids/sedatives (Table S2).

Furthermore, Py ; had a good predictive ability for severe
IEE (IEE incidence = 10%). The area under the curve for
severe IEE was 0.78 (95% CI 0.74-0.82, P < .001), and the
best cutoff point was 1.14 cm H,O (sensitivity 71.7%, speci-
ficity 71.3%). Low respiratory drive (Pp; < 1.14 cm H,0)
was independently associated with severe IEE, even after
adjusting for tidal volume, breathing frequency, PEEP, inspir-
atory triggering type, P,co,, P.o/Fio,, Glasgow coma scale
score, classification of acute brain injuries, opioids/sedatives
administration, and SAS score (odds ratio 5.18 [95% CI
2.69-10], P < .001).

Ineffective Effort and Outcomes

Subjects with = 4 data sets of severe IE had a longer du-
ration of mechanical ventilation and a longer stay in hospi-
tal than those with < 4 data sets of severe IE (13 [6-21] d
vs 6 [5-12] d, P = .040; 39 [30-51] d vs 30 [23-39] d, P =
.01). No significant differences were found in the length of
stay in ICU, ICU mortality, and in-hospital mortality between
the two groups (20 [10-35] d vs 16 [10-23] d, P = 21;
11.1% vs 11.4%, P > .99; 185% vs 114%, P = 49,
respectively).
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Fig. 5. Comparison of ineffective effort (IE) index, airway-occlusion pressure (Py 1), tidal volume, and minute ventilation and among differ-
ent analgesia/sedation strategies. The no drugs group had higher IE index (A), lower Pg ¢ (B), and lower minute ventilation (D) compared
with the opioids only and the opioids + sedatives groups even after Bonferroni correction. The no drugs group also had relatively smaller
tidal volume (C) than the opioids + sedatives group, although no significant difference was found after Bonferroni correction. No signifi-
cant differences were found in IE index (A), Po1 (B), tidal volume (C), and minute ventilation (D) between the sedatives only and the no

drugs groups either.

Furthermore, subjects with prolonged mechanical ven-
tilation (> 7 d) had lower Py ; and higher incidence of
IEE, but a lower incidence of IEI, compared with those
receiving mechanical ventilation < 7 d (1.3 [0.9-1.9] cm
H,0 vs 1.7 [1.2-2.6] cm H,0, P < .001; 1.7% [0.2-12.2]
vs 0.9% [0-4.9], P < .001; 0 [0-0.9] vs 0.4% [0-1.3],
P = .02, respectively). There was a trend that IE index
increased over 3 d in subjects with prolonged mechanical
ventilation (> 7 d) but decreased in those undergoing
mechanical ventilation for < 7 d, although the difference
was not significant (Fig. S1, see related supplementary
materials at http://www.rcjournal.com).

Discussion
The main findings of this study could be summarized as

follows: (1) IE was detected in all subjects covering 80.8%
of data sets, with severe IE in 48 (67.6%) subjects covering

1208

28.9% of data sets; (2) the post craniotomy for brain tumor
and the stroke groups had higher IE index and lower Py,
compared with the TBI group; (3) no-drugs group had higher
IE index and low Py; than opioids-only and opioids-plus-
sedatives groups; and (4) low respiratory drive (P, < 1.14
cm H,0) was independently associated with severe IEE.

Brain Injury and Ineffective Effort

IE has been reported to be the most frequent asynchrony
in critically ill patients, with incidence varying from 11—
80% depending on the population studied. A high incidence
of IE has been mainly found in patients with COPD or those
receiving deep sedation, resulting in decreased inspiratory
drive'ﬁ,lo,l 1,20

Our study found that IE was detected in 80.8% of data
sets. Severe IE was detected in 28.9% of data sets, which was
comparable to that in subjects with COPD.'™"" However,
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Fig. 6. The proportion of sedatives only, opioids only, sedatives +
opioids, and no drugs administration among post craniotomy for
brain tumor, traumatic brain injury (TBI), and stroke groups.
Subjects in the TBI group received more opioids/sedatives adminis-
tration, especially opioids + sedatives, compared with post craniot-
omy for brain tumor and the stroke groups (55.3% vs 24% vs
31.6%, 22.8% vs 8.3% vs 9.9%, P <.001).

only 2 (2.8%) subjects with COPD were enrolled in this
study. The median intrinsic PEEP was 0.9 cm H,O (0-1.9),
which was also < that in subjects with COPD.'**" A high
incidence of IE could be attributed to low respiratory drive
caused by acute brain injuries. Compared with the TBI
group, the post craniotomy for brain tumor and the stroke
groups had higher IE index, lower P, 1, and a higher propor-
tion of infratentorial lesions, including lesions in the brain
stem, cerebellum, or both. The respiratory control centers
are located in the brain stem, including the rhythmicity cen-
ter in the medulla (dorsal and ventral respiratory group)
generating respiration and the pontine pneumotaxic center
adjusting the rate and depth of respiration.'*** Thus, sub-
jects with infratentorial lesions were at a higher risk of
impairment of the respiratory center. Low respiratory drive
resulting from impairment of the respiratory center was
characterized by a slightly larger tidal volume, lower breath-
ing frequency rate, lower minute ventilation, and a higher
P.co, level, which differed from the decreased respiratory
drive due to excessive sedation, characterized by the reduced
tidal volume, whereas breathing frequency did not change.®
Moreover, the incidence of IE was relatively higher in the
TBI group than that in previous studies in general ICU sub-
jects.>?' Although the respiratory rhythm was generated by
the brain stem, it could also be influenced by higher centers
in the brain including the cerebral cortex.'*?* Thus, either
cortical or brain stem injuries might affect respiratory drive
and lead to a high incidence of IE.
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Moreover, different detection methods could also influ-
ence the incidence of IE. P,,, and flow waveforms were
reported as the most convenient methods to detect IE,
whereas their diagnostic accuracies were unsatisfactory.?**
Recently, automated systems based on ventilator P,,, and
flow waveforms have been developed to detect patient-
ventilator asynchronies at the bedside, whereas they could
not identify IE occurring in either the inspiration phase or
the early expiration phase.””° P, monitoring combined
with P,,, and flow waveforms could promote recognition
of IE.>*7

Analgesia/Sedation and Ineffective Effort

Analgesia and sedation may promote or reduce the inci-
dence of IE depending on the administrated doses.
Appropriate analgesia and sedation may alleviate patients’
pain and anxiety and improve patient-ventilator synchrony;
however, excessive doses may depress respiratory drive
and lead to a higher rate of IE.° de Haro et al** demon-
strated a lower incidence of IE in the sedatives + opioids
group than in the no drugs group. They found opioid dose
was inversely associated with the incidence of IE; sedative
dose was directly associated with the incidence of IE and a
lower level of consciousness; however, Dzierba et al®
reported no association between the sedation level or pain
control and the respiratory drive.

In the present study, the opioids-only and the sedatives +
opioids groups had lower IE index than the no drugs group,
which was in agreement with de Haro et al findings.
However, the opioids only group had lower SAS scores and
a relatively lower level of consciousness than the sedatives
only and no drugs groups, which seemed to be paradoxical.
Opioids administration was more frequent in the TBI group
compared with that in the stroke and the post craniotomy
for brain tumor groups, both of which had higher Glasgow
coma scale scores than TBI. Physicians might tend to pre-
scribe more opioids for patients with TBI, who mainly suf-
fered from severe pain and stress, but tolerated fewer brain
stem injuries. However, for patients in the post craniotomy
for brain tumor and the stroke groups who were at a higher
risk of impairment of respiratory center, physicians pre-
scribed fewer opioids/sedatives. Thus, lower IE index in
opioids only and opioids + sedatives groups could be attrib-
uted to a larger proportion of subjects with TBI who had
relatively higher Py ;. Although more opioids/sedatives
were administrated, deep sedation was not common in the
TBI group, with a median SAS score of 3 (2-3).

Ineffective Effort in Inspiratory and Expiratory Phases
About a quarter of IE occurred in the inspiratory phase,

which was similar to Thille et al' findings. No significant dif-
ferences were found in Py, minute ventilation, Pyco,

1209



INEFFECTIVE EFFORT IN ACUTE BRAIN INJURY

A P < .001
30- ! P <.001 !
f P < .001 !
—~ 254 1
>
= 20-
3 P <.001
£ 157 —
w
10- )
5-
C II T T h g
I[Elonly  IEEonly  IEl+IEE No IE
- C P <.001
C -
£ 14 ' P = .050 '
= f P <001
c 124 P<.001 r
._g | E—— |
©
T 10-
(0]
>
9
=
£
=
N P <.001
O T T T T
IElonly  IEEonly IEI+IEE No IE

B P <.001
4 ' P < 001 '
—~ ! ' P<.001
ON 3 1
T
£
O 21
o’ {
1-
| I
P<.001 . N
0 P <.001
IElonly  IEEonly  IEl +IEE No IE
D P <.001
> ' P=.02 '
c __ 25 ) P < .001 '
Q< ' P<.001 "
3 E —
£2
U) e
£ g 204
T2
o
m
15-
] T T T
IEl only IEE only IEI + IEE No IE

Fig. 7. Comparison of ineffective effort (IE) index, airway-occlusion pressure (Pg 1), minute ventilation, and breathing frequency among ineffec-
tive effort occurring during inspiratory phase (IEl), ineffective triggering occurring during expiratory phase (IEE), IEI + IEE, and no |IE groups. The
IEE only group had higher IE index (A), lower Py 1 (B), lower minute ventilation (C), and lower breathing frequency (D) than the no IE group.
The IEI only group had higher IE index (A) and lower breathing frequency (D) than the no IE group; Pg 1 (B) and minute ventilation (C)
between the |El only and the no IE groups were similar. |IE = ineffective effort; IEI = IE during inspiratory phase; IEE = |IE during expiratory

phase; Po 1 = airway-occlusion pressure.

Glasgow coma scale score, and SAS score between the IEI-
only and the no IE groups. However, the IEI only group
received fewer opioids/sedatives than the no IE group. IEI
usually occurred during periods of subject-triggered breaths,
which was irregular and did not keep the same characteristics
of phase lag, whereas reverse triggering usually occurred dur-
ing passive ventilation in a repetitive and consistent manner.”
An expiratory occlusion could differentiate IE from reverse
triggering.** We speculated that IEI might be caused by pain
or anxiety rather than low respiratory drive. Considering the
low incidence of IEI in this study, we could not draw any con-
crete conclusions, and additional studies should be conducted
in the future.

IEE accounted for the majority of IE in the present study.
The IEE only group had decreased respiratory drive charac-
terized by lower Py, lower minute ventilation, and rela-
tively higher P,co, than no-IE group. Low respiratory drive
(Pp.1 < 1.14 cm H,0) was independently associated with
severe IEE. Furthermore, subjects with prolonged mechani-
cal ventilation (> 7 d) had lower Py ;, a higher incidence of
IEE, but a lower incidence of IEI compared with those
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undergoing mechanical ventilation for < 7 d. Thus, we
speculate that prolonged mechanical ventilation might
result from the low respiratory drive. Dzierba et al*® reported
that Py of 0.5-1.5 cm H,O was associated with a greater
number of ventilator-free days. Their study was conducted in
medical, surgical, and cardiac ICUs, where half of the partic-
ipants had ARDS, whose respiratory drive might be mainly
affected by the severity of diseases rather than impairment of
the respiratory center.

Ineffective Effort and Outcomes

Previous studies showed that severe IE was associated
with longer duration of mechanical ventilation, longer ICU
and hospital stay, although no causal relationship was
proved.”'**! Other studies found no association between the
severity of IE and outcomes.>® In the present study, subjects
with more data sets of severe IE (= 4 data sets) had longer
duration of mechanical ventilation and longer stays in the
hospital. There was also a trend that subjects with prolonged
mechanical ventilation (> 7 d) had an increased IE index on
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the third day, whereas those receiving mechanical ventilation
for < 7 d had a decreased IE index on the third day. Thus,
we speculate that IE that occurred in the initiation of me-
chanical ventilation and resolved immediately may have no
association with outcomes; otherwise, it may indicate unre-
solved clinical problems and longer duration of mechanical
ventilation.* Decreasing pressure support and tidal volume or
applying external PEEP to avoid dynamic hyperinflation and
consequently reducing IE'*'? may not help reduce IE in this
population who have respiratory center injuries. Adequate
ventilation support until recovery of the respiratory drive
may be necessary, which deserves further study in the future.
There are some limitations in this study. First, this was a
single-center retrospective study, and its clinical procedures
might differ from others. The number of subjects receiving
craniotomy for brain tumors was higher than in other stud-
ies, and two thirds of the brain tumor were in the infratento-
rial region; thus, they were at a higher risk of impairment of
the respiratory center. Therefore, our findings may be not
generalizable to other units. Second, we only analyzed data
sets of 3 d after enrollment, which could not reflect the
whole period of mechanical ventilation or the weaning pe-
riod. Our study suggested that for subjects with acute brain
injuries the impairment of the respiratory center could be
one of the reasons that causes decrease in respiratory drive
and severe IEE at the initiation of mechanical ventilation.
Third, although IEI occurring during periods of subject-
triggered breaths did not fit the understood definition of
reverse triggering, we did not perform an expiratory occlu-
sion to rule out reverse triggering when IEs were detected.
Fourth, the SAS used to assess sedation depth may be over-
simplified. Although we did not analyze the effects of the
doses of opioids/sedatives on sedation depth, respiratory
drive, or the incidence of IE, subgroup analysis was per-
formed among data sets with no opioids/sedatives adminis-
tration, and it yielded similar results. Furthermore, P i,
used as a marker of respiratory drive, could be affected by
respiratory muscles; hence, we excluded subjects with neu-
romuscular diseases. Finally, subjects were enrolled as
soon as the initiation of mechanical ventilation; thus, they
were less likely to be affected by prolonged mechanical
ventilation—caused respiratory muscle weakness.

Conclusions

IE was found very frequently in acute brain-injured subjects.
The post craniotomy for brain tumor and the stroke groups had
higher incidence of IE due to low respiratory drive, resulting
from impairment of the respiratory center, characterized by
lower breathing frequency, lower minute ventilation, and higher
Pco, level. IE index in no drugs group was higher than that in
the opioids only and the opioids + sedatives groups. Low respi-
ratory drive (Pp; < 1.14 cm H,O) was independently associ-
ated with severe IEE. However, no relationship between IEI
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and respiratory drive was found. Pathophysiological mecha-
nisms of different respiratory center injuries need further study
in the future.
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