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To identify and explore avoidableand
remediable factors in the processof
care for patients treated acutely with

non-invasiveventilation



Study objectives

A Prompt recognitiorof ventilatoryfailure and
rapid initiation ofNIV

A Appropriate documentation and management

of ventilator settings

A Escalation ofreatment decisions and

planningincluding admission to criticahre

A Organisational aspects of cadelivery forNIV



Study population inclusion criteria

Patients aged 16 years or older who were
admitted as an emergency betweefi Eebruary
2015 and 3% March 2015 inclusive, and who
received NIV acutely

A Patients were excluded if they were

A Already on longerm NIV treatment at home

A Received CPAP and not NIV
(both have the same OPCS code)



Data collection

A Patient identifier spreadsheet
A Clinician questionnaire
A Case notes/peereview

A Organisational questionnaire



Data returns

Number of patients coded
for NIV/CPAP and admitted
as an emergency in the
2 month study period

n=9,299
Number of cases selected *Number of cases excluded
for inclusion - n=474
(including reselections)
n=1152

Number of cases
that remained

included
n=678
Number of questionnaires Number of sets of
returned case notes reviewed
n=432 n=353

Figure 1.1 Data returns



Clinical coding recommendation

Continuougoositiveairwayspressure(CPAPand
non-invasiveventilation (NIV) should be coded
separately They are two distinct treatments
given for different conditions and separate
coding will reduce clinical confusion and
Improvereporting of outcomes
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Sample population
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Figure 3.1 Age and gender
Male: 43.1% / age 71.1 ED:81.5 (270/421 by ambulance)

Female: 56.9% / age 72.3 GP: 55
OPD: 4 10



Sample population

COPD: 70%
Cardiogenic PO: 9.6%
Obesity hypoventilation: 8.6%

Chronic obstructive pulmonary disease 69.1%
Cardiogenic pulmonary oedema

Pneumonia

Obesity/hypoventilation syndrome
Neuromuscular disease/chest wall deformity

Drugs/sedation

Hypoxaemic respiratory failure

Other

0 50 100 150 200 250 300

Number of patients

Figure 3.2 Indication for NIV during the study time period; n=417

NIV for pneumonia 50 patients (12%)
20% previous NIV episodée?



Sample population

Table 3.1 Smoking history - clinician questionnaire

COPD Non-COPD
Number of % Number of %
patients patients
Ex smoker 148 | 53.6 53 M.7
Current smoker (around the time of admission) 121 | 43.8 23] 18.1
Never smoked 7 2.5 51 40.2
Subtotal 276 127
Unknown/not answered 10 19
Total 286 146

COPD: 97.5% current or ex smokers
Non COPD: 23 (18%) current smokers

UK adult smoking rates: 19%
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Sample population

Table 3.2 Indication for NIV (this episode) for
patients who had never smoked

Number of

patients

Cardiogenic pulmonary oedema 17
Obesity/hypoventilation syndrome 14
Pneumonia 10
Other including chest wall deformity 10
Chronic obstructive pulmonary disease 7
Neuromuscular disease 7
Not documented 3

Answers may be multiple; n=58 14.4% never smoked
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Sample population

Table 3.3 Mean values for forced expiratory volume
in one second (FEV.)

FEV. (litres) All COPD
patients

Mean 0.95 0.84

Standard deviation 0.51 0.39

Standard error of the mean 0.04 0.03

LF tests available for 162 patients
129/162 patients had COPI&)4



Sample population
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Figure 3.3 The lung function for patients with COPD; n=129
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Sample population

Table 3.4 Number of known comorbidities at time
of admission

Number of %
patients
None 43 9.9
1 comorbidity 160 37.0
2 comorbidities 116 | 26.9
3 or more comorbidities 113 | 26.2
Total 432

389/432 patients with a conorbidity

53.1% of patients had 2 or more
16



Sample population

Average BMI 27.4
54% BMI > 24.9
Obesity hypoventilation in 9.4% of patients with BMI average of 39..
Number of patients
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<18.5 18.5-24.9 25-29.9 30-34.9 35-39.9 =40

BMI category (kg/m?)
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Figure 3.4 Body Mass Index; n=200



Sample population

Rockwood Clinical Frailty Scale
K. Rockwood et al. A global clinical measure of fitness and frailty in elderly people. CMAJ 2005;173:489-495

?
!
A
¢
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1 Very Fit - People who are robust, active,
energetic and motivated. These people
commonly exercise regularly. They are
among the fittest for their age.

2 Well - People who have no active disease
symptoms but are less fit than category 1.
Often, they exercise or are very active
occasionally, e.g. seasonally.

3 Managing Well - People whose medical
problems are well controlled, but are not
regularly active beyond routine walking.

4 Vulnerable - While not dependent on
others for daily help, often symptoms limit
activities, A common complaint is being

“slowed up'; and/or being tired during the day.

5 Mildly Frail - These people often have
more evident slowing, and need help in high
order IADLs (finances, transportation, heavy
housework, medications). Typically, mild
frailty progressively impairs shopping and
walking outside alone, meal preparation and
housework,

6 Moderately Frail - People need help with
all outside activities and with keeping house.
Inside, they often have problems with stairs
and need help with bathing and might need
minimal assistance (cuing, standby) with
dressing.

7 Severely Frail - Completely dependent
for personal care, from whatever cause
(physical or cognitive). Even so, they seem
stable and not at high risk of dying (within
~ 6 months).

8 Very Severely Frail - Completely
dependent, approaching the end of life.
Typically, they could not recover even
from a minor illness.

9 Terminally Il - Approaching the end of
life. This category applies to people with a
life expectancy <6 months, who are not
otherwise evidently frail.

Scoring frailty in people with dementia

The degree of frailty corresponds to the degree of
dementia, Common symptoms in mild dementia
include forgetting the details of a recent event,
though still remembering the event itself, repeating
the same question/story and social withdrawal.

In moderate dementia, recent memory is very
impaired, even though they seemingly can remember
their past life events well, They can do personal care
with prompting.

In severe dementia, they cannot do personal care
without help.
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Sample population

CFS 426/432 patients
Clinicians and reviewers same score in 70.3%

Number of patients

250
242

200

150 —

100 —

50 —

6to9

Frailty score

Figure 3.5 Rockwood clinical frailty score - clinical frailty of
all patients studied on admission;
n=426 Score of 6 or more means moderately or severely frail
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Sample population

The Modified Medical Research Council (VMRC) Dyspnoea Scale

Grade of

dyspnoea Description
0 Not troubled by breathlessness except on strenuous exercise
1 Shortness of breath when hurrying on the level orwalking up a slight hill
Walks slower than people of the same age on the level because of breathlessness
2 .
or has to stop for breath when walking at own pace on the level
3 Stops for breath after walking about 100 m or after a few minutes on the level
4 Too breathless to leave the house or breathless when dressing or undressing
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Sample population

MMRC documented in 41 patients
Estimated in 242/391 cases reviewed
Over 3/4 had MMRC of 3 or 4

Number of patients
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MMRC dyspnoea scale

Figure 3.6 MMRC breathlessness score; n=283
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Initial management

3 Royal College
of Physicians Setting higher standards NS
National Institute for
Health and Clinical Excellence

Issue date: July 2007

National Early Warning
Score (NEWS)

Standardising the assessment of
acute-illness severity in the NHS

Audit Criteria

Acutely ill patients in hospital

NICE clinical guideline 50

Report of a working party July 2012

Temperature <36 or >383°C
Heart rate >90 bpm
Respiratory rate >20/min
WCC >12 or <4 x 10%/1)

Acutely altered mental state
Hyperglycaemia (>6.6 mmol/L)

T - GIG
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Initial management

EWS not used in 159/338 (47%)
EWS of 6 or more in 56.4%
EWS 9 or more in 17.3%

Number of patients
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20 1 1060/0

1O_:.
0— |

0-2 3-5 6-8

National early warning score

Figure 4.1 Initial early warning score; n=179
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Initial management

Respiratory rate documented in 321 cases reviewed
78.2% patients had a RR of 20 or more
56.4% patients had a RR of 25 or more

NU”IU\.—I i PUI.I\,.I o

120
100 29.9%
26.5%

o0 21.8% 21.8%

60 —

40 —

20 —

S l |
12-20 21-24 25-30 =30

National early warning score (NEWS)

Figure 4.2 Initial triage observation - respiratory rate; n=321
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Initial management

Number of patients

70

60 —

50 —

40 —

30 —

20 —

10 —

0 —
Before arrival in hospital | Emergency department Hospital ward

Location

Figure 4.3 Location where excess oxygen was administered - clinician questionnaire
Answers may be multiple; n=91
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Initial management

Table 4.1 Oxygen toxicity contributed to
hypercapnia

Reviewers’ %  Clinicians’ %
opinion opinion
Number of Number of
patients patients
Yes 84| 26.9 95| 22.6
No 22800731 325 | 7174
Subtotal 312 420
Unknown 41 12
Total 353 432

Table 4.2 Appropriateness of oxygen administered
in the emergency department — reviewers’ opinion

Number of

patients

BTS: Oxygen toxicity in 17% Yes 157
No /75

NCEPOD: 26.9% g . =

Unknown 70

Total 302

%

67.7

32.3
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Initial management

88-92 In 28.6%
Below 88 in 24.4%
Above 92 in 47%

Number of patients

140

120
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20

0

< 88% | 88-92% >92%
Oxygen saturation

Figure 4.4 Range of oxygen saturation at triage; n=283
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Initial management

Table 4.3 Oxygen delivery device in the emergency

department

Number of

patients

Nasal cannulae 86
Non-rebreathe device 35
Venturi mask 27
Nebuliser 10
Alr 5
Not documented 190
Total 380

158 had method recorded
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Initial management

Table 6.12 Target saturation prescribed Table 6.13 Target saturation achieved
Reviewers’ Clinicians’ Reviewers’ Clinicians’
opinion opinion opinion opinion
Number of %  Number of % Number of %  Number of %
patients patients patients patients
88-92% 20/ P52 3 296 71.8 Yes 135 5972 252 82.1
94-98% 16 4.6 17 4.1 No - 77 | 33.8 40 [13.0
Other 21 6.0 8 19 too high
Not 105" | 30.1 91 22.1 No - 16 7.0 15 4.9
prescribed too low
Subtotal 349 412 Subtotal 228 307
Not 4 20 Not 16 13
answered answered
Total 353 432 Total 244 320

29



Initial management

Table 4.4 Specialty of first consultant review

Number of

patients

Respiratory medicine 98
Acute medicine 97
General medicine 78
Critical/intensive care medicine 32
Geriatric medicine 27
Gastroenterology 17
Cardiology 16
Endocrinology 14
Other 31
Subtotal 410
Unanswered 7
Total 432

%

23.9
23.7

19.0
7.8
6.6
4.1
3.9
3.4
7.6

30



Initial management

Table 4.5 Appropriate timing of the consultant
review — reviewers' opinion

Number of %
patients

Yes 280 87.5

No 40 12.5
Subtotal 320
Not answered 28

Total 353
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Initial management

Table 4.6 Clear initial management plan - reviewers’ Table 4.7 Appropriate initial management plan -

opinion reviewers' opinion
Number of % Number of %
patients patients
Yes 324 934 Yes 268 90.8
No 23| 6.6 No 271 9.2
Subtotal 347 Subtotal 295
Not answered 6 Not answered 29
Total 353 Total 324

14.4% had either no clear initial
management plan or an inappropriate one
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Location of NIV provision

A Initiated: acute care areas
A Continued: respiratory service/critical care

Number of hospitals . NIV initiated NIV continued
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Figure 2.3 Locations where NIV was initiated and continued



Service organisation

Table 2.9 Identified clinical lead for NIV service

Number of %
hospitals )
s 138/140respiratoryconsultant

Yes 144 86.7
ho 22133 110/133 no time allocated
Subtotal 166
Not answered 2
Total 168

Table 2.10 Non-medical lead for NIV

Number of %

160/168 (95.2%) hospitals hospitals
local guideline Yes — Nursing 69 43.9
Yes — Physiotherapy 23 14.6
.. No 65 | 414
140/157 (89.2%) NIV training ¢ o -
programme Not answered 11

Total 168 39



Staffing

W5SaAdylFriSR bL+ dzyAlQ

79/162 (48.8%) defined ratio of nurses to NIV patients

Table 2.7 Staff competency assessment for delivery Table 2.8 Staff without competency directly
of NIV supervise NIV patients
Number of % Number of %
hospitals hospitals
Yes 126 81.8 Yes 42 37.8
No 28 18.2 No 69 62.2
Subtotal 154 Subtotal 111
Not answered 14 Not answered 15
Total 168 Total 126

70/154 (45.4%) staff without defined competency supervise NIV patients
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NIV initiation

Cumulative %
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60 Triage to NIV No. (%) of patients
(n=242)

<4 hours 116 (47.9)
< 8 hours 140 (57.9)
< 12 hours 154 (63.6)
20 < 24 hours 171 (70.5)
10 — > 24 hours 71 (29.5)

50

40
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I |
0 6 12

Time from triage to NIV initiation (hours)

Figure 5.1 Time from triage to NIV initiation in the first 24 hours; n=171 38



NIV Initiation

Table 5.16 Doctor who made decision to initiate NIV Table 5.15 Grade of doctor who made decision
¢ . to initiate NIV (number who were respiratory
Number o % specialists)
patients
General medicine 107 29.6 Numl:.er ‘:f %
atients
Respiratory medicine 85 1 23.5 e
Emergency medicine 61 16.9 Consu-ltant — — A
Critical/intensive care medicine 43 11.9 ?Zi?;lrate Specialist/Speciality 39 ) 102
Acute internal medicine 32 89 - -
- Trainee with CCT 2 ()| 05
Cardiology 9 2.5 - — _
P T A Sen'lor spec.la .|st tra-lnee 172 ( 5) 1450
Anaesthetics 5 14 Junior specialist trainee 212} 84
Gastroenterology 5 14 Basic grade 27.3) 7.1
Other &l 7 Specialist nurse / senior staff nurse 2 (1 =]
Subtotal 361 Subtotal 382
Unanswered 71 Unanswered 50
Total 432 Total 432
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Case selection for NIV

Table 10.1 Pneumonia and x-ray consolidation

Evidence of
pneumonia
Number of %
patients

Yes 177 | 504

No 174 49.6

Subtotal 351

Unknown/ 2

not

answered

Total 353

Chest x-ray
consolidation

Number of %
patients

166 40.7
242 59.3
408

24

432

12% primary diagnosis of pneumonia
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Case selection for NIV

Table 5.1 Appropriateness of NIV as an intervention -
reviewers' opinion

Number of %

patients
Yes 285 1 81.2
No 66 18.8
Subtotal 351
Not answered 2
Total 353

Table 10.2 Evidence of pneumonia and appropriate use of NIV - reviewers’ opinion

NIV an appropriate intervention

Evidence of pneumonia Yes No Subtotal Not Total
answered

Yes 130 45 175 2 177

No 153 21 174 0 174

Subtotal 283 66 349 2 351

Not answered 2 0 2 0 2

Total 285 66 351 2 353
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Inappropriate NIV

Table 5.2 Reasons why the reviewers believed NIV
was inappropriate

Hypoxaemia (not hypercapnia) 5
Metabolic acidosis 5
|ICU/intubation preferred option 17
Medical management 11
Advanced/terminal iliness 27

Answers may be multiple; n=65

Table 5.3 Outcome for the patients where NIV was considered inappropriate

Reason (number of patients who were admitted to critical care)

Outcome Futile Intubation Medical Other Total
Died in hospital 24 8 4 6 42
Discharged alive 3(1) 9(7) 7 (2) 5(2) 24
Total 27 17 11 11 66

43



Inappropriate NIV

Percentage
25
20
15 —
10 —
: H =
S N I ] . 1 . —
General medicine Emergency medicine Respiratory medicine Acute internal medicine

Speciality

Figure 5.2 Inappropriate NIV by initiating specialty — reviewers’ opinion

ITU 15/40 inappropriate as delayed intubation
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CASE STUDY 1

An elderly patient with advanced metastatic lung
cancer was admitted to hospital with pneumonia

and treated with antibiotics and oxygen. On the fifth
night after admission they deteriorated. A blood gas
showed ventilatory failure. They were transferred to
the respiratory unit for acute NIV. On review by the
respiratory consultant the following morning NIV
treatment was felt to be inappropriate. The patient
was treated on an end of life pathway and died a few
hours later.

The reviewers agreed that starting NIV was
inappropriate. Early in the admission, planning for end
of life care in the event of deterioration would have
been more appropriate.
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Escalation planning

Table 5.4 Documented plan in event of treatment

failure
Number of %
patients
Yes 22411636
No 128 36.4
Subtotal 352
Not answered 1
Total 353

Plan appropriate in 204/218 (93.6%3gses reviewed
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Escalation planning

Table 5.6 Escalation decisions

Number of %
patients

For CPR 67 || 22.2
Not for CPR 198 65.6
For invasive ventilation 68 22.5
Not for invasive ventilation 183 60.6
For critical care 19| 26.2
Not for critical care 137 | M45.4

Answers may be multiple; n=302

Plan appropriate in 204/218 (93.6%3gses reviewed
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PreNIV management

Oxygen 354

Antibiotics 352
Nebulised bronchodilators
Corticosteriods

Diuretics

IV Aminophylline

Other sedatives

Opiates

Benzodiazepines

0 50 100 150 200 250 300 350 400
Number of patients

Figure 5.3 Treatments prescribed/administered following admission; n=413
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PreNIV management

Table 5.7 Non-ventilator management appropriate

prior to NIV
Reviewers’ opinion Clinicians’ opinion
Number of % Number of %
patients patients
Yes 272 N3 3508 829
No 80 | 22.7 72 | 17.1
Subtotal 352 422
Not 1 10
answered
Total 353 432

Clinician or reviewer considered potential for improved
non-ventilator management in 103/31patients(32.8%)
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PreNIV management

Table 5.9 NIV could have been avoided

Reviewers'’ Clinicians’

opinion opinion

Number of Number of

patients patients

Yes 38 26
No 41 39
Subtotal 79 65
Not answered 0 6

Total 79 71
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CASE STUDY 3

A patient was brought to hospital by ambulance with
an exacerbation of COPD. On initial assessment, the
patient was wheezy, respiratory rate was 24 and oxygen
saturation 98% on a non-rebreathe system. Blood gases
revealed pO, 15.3 kPa, pCO, 8.2 kPa and pH 7.28. The
patient was started on NIV and improved rapidly. NIV
was discontinued six hours later.

Reviewers considered that oxygen toxicity contributed
to the ventilatory failure and that NIV could have been
avoided with better management including controlled
oxygen and nebulised bronchodilators.
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Specialist review

91/165 (55.2%) hospitals NIV cover out of hours via GIM on call rota
119/158(75.3%) respiratory cover <50% of rota

Number of hospitals
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60 —

50 —

40 —

30 —

20 —

10 —

0 — — I
0-25% 26-50% 51-75% 76-100%

Figure 2.2 Percentage of out of hours coverage by a respiratory consultant 55



Specialist review

Appropriate review in 290/348 (83.3%)

Table 5.11 Specialty of the specialist review

Number of %
patients
Respiratory medicine 159 614
Critical care medicine BUNRZ230)
Other 48 N5
General medicine 11 4.2
Cardiology SO e
Acute medicine 5 (G
Anaesthetics 5 1.9
Subtotal 259
Not documented 31
Total 290
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Respiratory specialist review

Cumulative %
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Figure 5.4 Time from triage to respiratory consultant review in the first 72 hours; n=133 57



Specialist review

Table 5.13 Specialist review resulted in treatment

changes
Number of %
patients
Yes 151 | 53.2
No 133|468
Subtotal 284
Not answered 6
Total 290
Table 5.14 Changes made
Change in Change in
ventilator non-ventilator
settings treatments
Number of % Number of %
patients patients
Yes 72 | 50.7 105 | 73.4
No 70 493 38 26.6
Subtotal 142 143
Not 9 8

answered
Total 151 151 58



Medical review on NIV

Table 5.17 Daily senior medical review (ST3 or above)
while on NIV recorded in the notes

Number of %
patients
Yes 242 80.7
No 58 | 19.3
Subtotal 300
Unknown 53

Total 353
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Respiratory
ward:
214/425
(50.4%)

Critical care:
136/425
(32%)

AMU:

120/425
(28.2%)
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