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Abstract  

Question. High cervical spinal cord injuries induce extreme handicap and tactile 

isolation. Tracheotomized tetraplegic patients are also bound to be olfaction deprived. By 

restoring negative pressure inspiration, diaphragm pacing (DP) should improve olfaction.  

Patients and Methods. We tested olfaction in 10 consecutive tetraplegics during 

positive pressure mechanical ventilation (PPV) and DP, using the University of Pennsylvania 

Smell Identification Test (UPSIT). Quality of life was assessed using the Satisfaction With 

Life Scale (SWLS). Self-perceived benefits of DP were studied using a in-house 

questionnaire.  

Measurements and main results. Olfaction was very poor during PPV (UPSIT 

17.1±6.4, "anosmia" or "severe microsmia"). It improved during DP (35.2±1.9, "normosmia" 

or "mild microsmia"; P< 0.0001). SWLS was 18.5 ± 4.2. Nine patients considered that DP 

had improved their quality of life. This was driven by better mobility (ranked first), improved 

self-image and relationships with others (ranked second), improved olfaction and better 

feeling of security (both ranked third).  

Answer to the question. Improved olfaction is among the benefits of DP and should be 

mentioned to patients considered for this therapy. More generally, attention to olfaction is 

warranted in tracheotomized ventilator-dependent patients, as a putative path towards 

improvement of quality of life. 

 
 

Keywords: Spinal cord injury; ventilator-dependency; phrenic stimulation; quality of life; 

tracheotomy.  
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Introduction 

Traumatic spinal cord injury (SCI) disrupts body image, disorganizes daily life, and 

shatters life plans. Cervical lesions responsible for tetraplegia produce considerable disability 

capped by near complete tactile isolation. In tracheotomized ventilator-dependent patients, 

speech difficulties worsen this isolation. This brings about the feelings of helplessness and 

uselessness commonly reported early after the trauma [1]. Self-perceived quality of life is 

initially low, although it improves over time [2,3].  

In addition to tactile isolation, tetraplegic, tracheotomized, and mechanically ventilated 

patients are also bound to be deprived of the sense of smell. Indeed, they cannot only poorly 

inspire and anyway their nasal mucosa is bypassed from the inspiratory flux, thus inaccessible 

to odorant molecules. Olfactory impairment and the related alteration in their sense of taste 

[4] would divest these patients from one of their few remaining sources of physical 

satisfaction.  

Diaphragm pacing can be proposed to wean tetraplegics from mechanical ventilation 

[5,6]. The corresponding negative pressure driven inspiratory flow should re-irrigate the nasal 

fossae and improve olfaction. This has been in some reviews on diaphragm pacing [e.g.7, and 

see also, more recently, 8,9], but never studied in a systematic manner (of note, olfaction is 

not mentioned in the recent and only controlled study on diaphragm pacing [6]). 

We hypothesized that: 1) tracheotomized and mechanically ventilated tetraplegic 

patients would have poor olfactory performances; 2) olfactory performances would improve 

with diaphragm pacing; 3) this would be perceived as a benefit of diaphragm pacing. To test 

this hypothesis, we conducted standardized olfactory tests in tetraplegic patients with 

respiratory neurostimulators during diaphragm pacing and during mechanical ventilation. In 

addition, we tried to evaluate how important the recovery of olfaction stood in the perspective 

of self-evaluation of diaphragm pacing-derived benefits. 
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Patients and Methods 

Patients 

We studied 10 consecutive tetraplegic patients (Table 1) with intrathoracic phrenic nerve 

stimulation (n=9, Atrostim™, Atrotech, Tampere, Finland) or intradiaphragmatic pacing 

(n=1, NeuRXDPS™, Synapse Biomedical, Oberlin, Ohio, USA). The patients were studied 

during a programmed routine visit. They were clinically stable, free of ENT symptoms, had 

never smoked or had not smoked since the onset of tetraplegia, and did not report past 

olfactory problems. They were all tracheotomized, and were studied with uncuffed 

tracheotomy cannulae or uninflated cannulae cuffs.  They all had normal scores on the Mini-

Mental State Examination, manual tasks excluded [10]. 

The study was approved by the Institutional Review board of the French Learned Society 

for Intensive Care Medicine - Société de Réanimation de Langue Française - and informed 

consent was systematically obtained.  

Of note, twenty-four patients have been implanted with neurostimulators at our center 

since 1996. Fifteen were alive at the time of the study, 5 of whom were not included because 

of pacing failure —n = 1—, severe depression —n=1— or cognitive defects —n = 3—. 

Olfaction 

Smell identification test. Olfactory performances were evaluated using the French version 

of the University of Pennsylvania Smell Identification Test (UPSIT, Sensonics®, Haddon 

Heigts, New Jersey, USA)[11], that is easy to use and has a high test-retest reliability [12]. 

The test consists in four 10-page booklets, each page bearing a microcapsule that liberates an 

odorant molecule when scratched. For each odorant, the testee is asked to choose one 

identifier among four propositions immediately after the microcapsule has been scratched. A 

response is required even if no smell is perceived (forced-choice). Once the four booklets, 

presented in random order, have been completely used, the patient's score is determined. It is 
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compared to normative values derived from a database of several thousands normal 

individuals [11]. Any patient can be allocated a percentile rank corresponding to his/her age 

and gender group, or categorized as has having normosmia, mild microsmia, moderate 

microsmia, severe miscosmia, or anosmia. 

Protocol. The UPSIT was performed over about 20 minutes on two consecutive mornings 

in random order: 1) during positive pressure mechanical ventilation, neurostimulation being 

switched off; 2) during diaphragm pacing, the ventilator being disconnected. In both cases, 

the tracheotomy was open, and the ventilation settings were those normally used by the 

patients, providing similar levels of ventilation. The odorants were presented in front of the 

patients' noses. The patients were instructed not to perform any kind of sniffing manoeuvres.  

General evaluation of quality of life. 

The patients self-rated their quality of life using the Satisfaction with Life Scale (SWLS) 

[13], a 5-item instrument designed to measure global cognitive judgments of one's life, which 

has previously been used in SCI patients [3,14].  

Self-perceived impact of diaphragm pacing on daily life.  

At the time of olfaction testing, the opinion of the patients regarding respiratory 

neurostimulation was sought using a specifically designed 17-item self-administered 

questionnaire. It included 9 questions pertaining to quality of life ("How did diaphragm 

pacing affect your: 1: overall quality of life; 2: body image; 3: schooling/professional life; 4: 

leisure activities; 5: sexual life; 6: relationships with others; 7: ability to get out of your bed; 

8: ability to move out of your home; 9: quality of sleep"). Five questions pertained to sensory 

performances ("How did diaphragm pacing affect your: 10: sense of smell; 11: sense of taste; 

12: auditory environment; 13: sight; 14: sense of touch?" —the latter two being intended as 

"controls"—) and 1 question on the impact of an improved sense of smell on quality of life 

(15: How did a change in your sense of smell affect your quality of life after diaphragm 
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pacing?). Finally, two questions explored the general perception of respiratory 

neurostimulation (16: Would you agree to return to your previous ventilatory mode? 17: 

Would you recommend diaphragm pacing to others?). To avoid grouping effects, questions 

from the above groups were alternated. Each statement was scored on a 5-point Likert scale (-

2: much deteriorated; -1: deteriorated; 0: no change; 1: improved; 2: much improved). Six 

months or more after the initial study, the patients were interviewed by telephone or e-mail in 

an open manner and asked to provide an unrestricted list of what they considered as benefits 

of diaphragm pacing, ranked by decreasing order of importance. They were also asked, when 

relevant, why they found that an improved olfaction was source of improved quality of life. 

Statistical Analysis  

Statistical testing was performed using Prism4®, GraphPad, San Diego, CA, USA and 

StatXact®, Cytel, Cambridge, MA, USA. 

All the data distributions being normal according to the Schapiro-Wilk test, the results are 

expressed as means ± SD. Differences were considered significant when the probability P of a 

type I error was ≤0.05. Olfactory performances were compared between the two ventilatory 

modes using the paired Student's t-test. P values are reported with indication of the t statistics 

(t) and of the degrees of freedom (df). The distribution of the answers along the five points of 

the Likert scales using in the questionnaire was studied from 5x2 contingency tables with 

Fisher's exact-test. When the existence of a significant difference was detected, the positive 

answers (1 and 2) and the neutral and negative answers (0, -1, -2) were grouped to construct 

2x2 contingency tables to which the Fisher's test was again applied.  

Results 

Olfaction. Of note, chart reviews showed that all the patients but one had 

spontaneously reported a qualitative improvement in their sense of smell with diaphragm 

pacing soon after its institution.  
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During positive pressure mechanical ventilation, the UPSIT score was 17.1 ± 6.4 (9 to 

27; "anosmia" or "severe microsmia"). During diaphragm pacing, the UPSIT score rose to 

35.2 ± 1.9 (33 to 38; "normosmia" or "mild microsmia")(Figure 1). The difference was highly 

significant (P = < 0.0001, t = 9.167, df = 9). All the patients considered that diaphragm pacing 

had "improved" or "much improved" their sense of smell and 6 reported an improved sense of 

taste (Figure 2). 

Quality of life. The Satisfaction With Life Scale score was 18.5 ± 4.2 (Table 1).  

Self-perceived impact of diaphragm pacing on daily life. Figure 2 summarizes the results of 

the diaphragm pacing questionnaire. Of particular note: 1) nine patients reported that 

diaphragm pacing had improved their overall quality of life  2) the patients were unanimous 

in not considering any return to their previous ventilatory assistance mode and in willing to 

recommend diaphragm pacing to other patients; 3) nine patients considered that the 

improvement in olfaction associated with diaphragm pacing had "improved" —n=6— or 

"much improved" —n=3— their quality of life.    Nine patients answered the post-hoc 

interviews. They all ranked improved mobility and sense of freedom (or words to that effect) 

as the main benefit of diaphragm pacing. Improved body image and better relationships with 

others came second (ranked second in 5 cases, third in 3, fourth in 1), followed by improved 

olfaction (ranked second in 1 case, third in 4, fourth in 4) evenly ranked with improved sense 

of security (second in 2 cases, third in 2, fourth in 5). Improved speech came after, mentioned 

by 6 patients. An improved sense of taste and better sleep were mentioned by only 5 and 3 

patients, respectively, and then ranked last or penultimate. The improved olfaction was valued 

by all the patients for two reasons: better perception of the environment, more pleasure with 

food.  

Discussion 
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Since the start of diaphragm pacing at our centre in 1996, almost all our patients have 

spontaneously reported —and valued— olfactive improvements with diaphragm pacing, with 

some striking anecdotal reports (e.g. the capacity of a professional oenologist to resume work 

after daphragm pacing)... We therefore conducted this study to materialise this clinical 

impression, to quantify the magnitude of the olfaction improvement, and to gain an insight in 

the putative effects of improved olfaction on quality of life. Our results document that 

olfaction is severely impaired in tracheotomized ventilator-dependent tetraplegic patients and 

that it is indeed improved by diaphragm pacing. In a less predictable manner, our results also 

show that diaphragm pacing is sufficient to bring the olfactory identification capacity back to 

normal in this setting, and they document that this may contribute to a better quality of life.  

Mechanisms of improved olfaction 

Our study supports the fact that olfaction was altered in our patients simply because 

their nasal fossae was bypassed during positive pressure ventilation on tracheostomy. 

Diaphragm pacing corrected it through the re-irrigation of the nose by room air.  

LA negative impact of tracheostomy on olfaction has been previously described [15-

18]. Lichtman et al. [16] reported low odorant identification scores in six tracheotomized 

patients; a Passy-Muir speaking valve improved performances. Olfactory testing was 

performed by holding small pieces of odorant-soaked blotting paper in front of the patient's 

tracheal opening that was equipped with a speaking valve. By decreasing the amount of 

"perfumed" inhaled air leaving the airway through the tracheotomy during expiration, the 

speaking valve probably favoured retrograde irrigation of the nasal fossae and improved 

retronasal olfactory ability [19]. In our patients, in contrast, the improved smell-identification 

performances probably resulted from enhanced orthonasal olfactory abilities. Indeed, the 

odorant stimulations were presented in front of the noses of the patients, and the diaphragm-

pacing induced aspiration necessarily resulted in an anterograde irrigation of the nasal fossae. 
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Tracheotomy orifices were left open during olfactory testing under diaphragm pacing, to 

reproduce real-life conditions: partial nasal re-irrigation is therefore sufficient to restore near-

normal olfaction (Figure 1). We acknowledge that we only studied the olfactory identification 

capacity and neglected olfactory thresholds and discrimination capacity. Nevertheless we feel 

that our results are straightforward enough to give them clinical relevance.  

Quality of life. 

On average, our patients had low Satisfaction With Life Scale scores. These scores 

were lower than recently reported ones in tetraplegics [3], but the two populations are very 

different. All our patients were ventilator-dependent. They were studied on average 7 years 

after injury, vs. 27.8 in the study by Abrantes-Pais Fde [3]. However, in agreement with 

known data [14], the SWLS scores tended to be higher in those of our patients with the 

longest time since injury and who had been able to return home (Table 1).  

Self-perceived impact of diaphragm pacing on daily life. 

Our diaphragm-pacing questionnaire was not intended to measure treatment-induced 

changes in quality of life —in the absence of a control intervention that would be very 

difficult to conceive—, and it has not been externally validated. We do acknowledge that it 

must therefore be interpreted with caution. This is all the more so that it was applied to the 

patients in the cohort who were capable of answering it and in whom diaphragm pacing was 

effective, hence inherent selection and "success" biases. However, its design relied on a 10-

year experience of the respiratory care of tetraplegic patients, in a large the cohort of patients, 

where the results are in line with those reported by others regarding the patients' view of 

phrenic stimulation [6]; [see also7,8,9]. We therefore feel that the information provided is of 

clinical value. Of importance, the patients almost unanimously reported improvement in their 

perceived qualify of life with diaphragm pacing (Figure 2) even when they had low SWLS 

scores..  
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Our patients reported several changes in daily life as benefits of phrenic pacing. These 

benefits (improved mobility, better self-image and relationships with others, improved feeling 

of security, better olfaction...) fit with previous reports [6] [see also7,8,9] Improved olfaction 

appears to contribute to the improved quality of life, with a "pleasure" dimension that is 

noteworthy in this setting. This is consistent with data showing that ameliorating impaired 

olfaction in laryngectomized patients —who also have bypassed nasal fossae— ameliorates 

quality of life [20].  

Conclusions and perspectives 

As hypothesized, olfaction in poor in mechanically ventilated patients, it is improved 

by diaphragm pacing, and it contributes to a better perception of quality of life. These 

observations are important to bear in mind when discussing diaphragm pacing with potential 

candidates. In addition, weight gain is a frequent problem in tetraplegic patients, and there are 

complex interactions between olfaction and apetite (anosmia is often associated with loss of 

apetite, but the converse being also possible [21]). In this view, our results could open new 

research perspectives regarding the nutritional mangement of these patients.  

Beyond the very limited population dealt with by this study, these results are a strong 

incentive to take an interest in olfaction in other types of tracheotomized and long-term 

ventilator-dependent individuals. It could indeed be a path worthy of exploration to improve 

their quality of life, in the same perspective that has led, over the years, to speech 

improvement measures in these patients [22,23].  The impact of long-term non-invasive 

ventilation on olfaction should also be studied, because of the local effects that this 

ventilatory mode at times has on the nasal mucosa.  
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Table 1 : Characteristics of the patients 
 
 
 

 
 
  DP, diaphragm pacing; SWLS, satisfaction with life scale 

* consolidated neurological level 
** neurosurgery (ependymoma) 
*** at the time of testing 
° all data sets passed the Shapiro-Wilk normality test 
 
† The Satisfaction With Life Scale comprises 5 items (1: "In most ways my life is close to my ideal"; 2: 
"The conditions of my life are excellent"; 3: "I am satisfied with my life"; 4: "So far I have gotten the 
important things I want in life"; 5: "If I could live my life over, I would change almost nothing"). Each 
statement is scored on a 7-point Likert scale (7: "Strongly agree"; 6: "Agree"; 5: "Slightly agree"; 4: 
"Neither agree nor disagree"; 3: "Slightly disagree"; 2: "Disagree"; 1: "Strongly disagree"). The final 
score allocates the patient to one of 7 categories (35-31: Extremely satisfied; 26-30: Satisfied; 21-25: 
Slightly satisfied; 20: Neutral; 15-19: Slightly dissatisfied; 10-14: Dissatisfied; 5-9: Extremely 
dissatisfied). 

 
 

Legends to the figures 

Spinal injury 

Patient  Sex Age  
Level* Mechanism 

Time  
since  
injury  

(y) 

Time  
since  

DP 
(y) 

 
Living 

Place*** 

 
SWLS 

score † 

1 M 20 C3 traumatic 2.7 0.2 hospital 11 

2 M 26 C3 post-op** 1.5 1 institution 17 

3 M 53 C1 traumatic 7.9 6 home 23 

4 M 30 C2C3 traumatic 15.7 14 home 17 

5 M 27 C3 traumatic 4.25 5 home 19 

6 M 23 C1C2 traumatic 4.3 4 home 19 

7 F 61 C1 post-op** 1 0.1 hospital 21 

8 M 52 C2 traumatic 18.3 17 institution 16 

9 M 45 C2 traumatic 10.9 10.1 home 26 

10 F 21 C2 traumatic 4 3 home 16 

         

Mean°  35.8   7.05 6.0  18.5 

SD  15.3   6.03 5.9  4.2 

range  20-61   1-18 0.1-17  11-26 
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Figure 1. Panel A: mean values (±SD), of the University of Pennsylvania Smell Identification 

Test (UPSIT) in the 10 patients studied, during positive pressure mechanical ventilation 

(PPMV) and during diaphragm pacing (DP). The "*" denotes a significant difference 

(Student's paired t-test; P < 0.0001, t = 9.167, df = 9) between the two conditions. Panel B: 

individual values of the UPSIT score, to show that all patients gained at least 2 classes in the 

5-class scale of olfactory performance (1: anosmia, 2: severe microsmia, 3: moderate 

microsmia, 4: mild microsmia, 5: normosmia). 

 

 

Figure 2. Distribution of the answers provided by the 10 patients to the 17-item diaphragm 

pacing oriented questionnaire. Questions 1 to 9 pertain to quality of life. Questions 10 to 15 

pertain to sensory perceptions, questions 14 and 15 being intended as "controls" (answer "0" 

expected). Questions 16 and 17 explore the general opinion of the patients about diaphragm 

pacing. For questions 1 to 15, the Likert scale read "-2: much deteriorated; -1: deteriorated; 0: 

no change; 1: improved; 2: much improved"; for questions 16 and 17, it read "-2: completely 
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disagree; -1: disagree; 0: no change; 1: agree; 2: completely agree". The questions are 

grouped by theme on the figure, but were alternated when asked of the patients.  
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