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Abstract

The risk of pulmonary complications is high after major abdominal surgery but may be reduced by prophylactic postoperative
noninvasive ventilation using continuous positive airway pressure (CPAP). This study compared the effects of intermittent
mask CPAP (ICPAP) and continuous helmet CPAP (HCPAP) on oxygenation and the risk of pulmonary complications fol-
lowing major abdominal surgery. Patients undergoing open abdominal aortic aneurysm repair or pancreaticoduodenectomy
were randomized (1:1) to either postoperative ICPAP or HCPAP. Oxygenation was evaluated as the partial pressure of oxygen
in arterial blood fraction of inspired oxygen ratio (PaO,/F1O,) at 6 h, 12 h, and 18 h postoperatively. Pulmonary complica-
tions were defined as X-ray verified pneumonia/atelectasis, clinical signs of pneumonia, or supplementary oxygen beyond
postoperative day 3. Patient-reported comfort during CPAP treatment was also evaluated. In total, 96 patients (ICPAP, n=48;
HCPAP, n=48) were included, and the type of surgical procedure were evenly distributed between the groups. Oxygena-
tion did not differ between the groups by 6 h, 12 h, or 18 h postoperatively (p=0.1, 0.08, and 0.67, respectively). Nor was
there any difference in X-ray verified pneumonia/atelectasis (p =0.40) or supplementary oxygen beyond postoperative day
3 (p=0.53). Clinical signs of pneumonia tended to be more frequent in the ICPAP group (p =0.06), yet the difference was
not statistically significant. Comfort scores were similar in both groups (p =0.43), although a sensation of claustrophobia
during treatment was only experienced in the HCPAP group (11% vs. 0%, p=0.03). Compared with ICPAP, using HCPAP
was associated with similar oxygenation (i.e., PaO,/FIO, ratio) and a similar risk of pulmonary complications. However,
HCPAP treatment was associated with a higher sensation of claustrophobia.

Keywords Noninvasive ventilation - Continuous positive airway pressure - Pneumonia - Repiratory therapy - Mask CPAP -
Helmet CPAP

1 Introduction

Postoperative pulmonary complications (PPCs) frequently

54 Jens T. F. Osterkamp occur after major abdominal surgery (defined as abdomi-
jens.thomas.fredrik.osterkamp.02 @regionh.dk nal surgery requiring laparotomy) and are associated with
increases in morbidity, length of hospital stay, and mortality
rate [1, 2]. PPCs can be broadly defined as pulmonary symp-
toms affecting the treatment course (some examples include:
Department of Anaesthesia, Centre for Cancer and Organ respirz.itory fgil.ure requiring intensive Care,’ pneumonia, ate-
Diseases, Rigshospitalet, University of Copenhagen, lectasis requiring bronchoscopy, PaO2/FiO2 < 300), bron-
Copenhagen, Denmark chospasm [newly detected expiratory wheezing] and pleural
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University of Copenhagen, Copenhagen, Denmark caused by inadequate lung re-expansion) [1, 2]. However, no
consensus regarding the definition of PPCs has been reached
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[1, 2]. Therefore, the incidence of PPCs varies considerably
(9-40%), depending on the definition applied [1-3].

Prophylactic use of continuous positive airway pressure
(CPAP) in the postoperative period may reduce the risk of
PPCs [4-6]. CPAP increases functional residual capacity
and vital capacity, enhancing gas exchange and oxygenation
while reducing respiratory work [7]. CPAP can be deliv-
ered through a nasal airway, face mask, or a helmet interface
[8]. A meta-analysis by Ferreyra et al. [4] concluded that
for CPAP to decrease the risk of PPCs, a continuous treat-
ment period of at least 6 h is recommended [4]. Although
CPAP may be administered via a face mask over an extended
period, this modality is poorly tolerated by patients and is
time-consuming for staff in the postanesthesia care unit
(PACU) [9]. Therefore, the standard mask CPAP treatment
is commonly applied intermittently in the PACU: for exam-
ple, for 10-30 min every 2-3 h [5]. Because patients can
generally tolerate the helmet better than the mask interface
[10], postoperative treatment durations may be prolonged by
using the helmet, perhaps preventing PPCs more effectively
after major abdominal surgery. However, to our knowledge,
these CPAP delivery modalities have not been compared
previously in a randomized trial.

We, therefore, examined the effects of continuous helmet
CPAP (HCPAP) versus intermittent mask CPAP (ICPAP) on
postoperative oxygenation and the risk of pulmonary com-
plications following major abdominal surgery.

2 Methods

This single-center single-blinded randomized controlled
trial was approved by the Regional ethical committees of the
capital region of Denmark (H-1-2013-094) and registered at
clinicaltials.gov (NCT02173327). This manuscript adheres
to the applicable CONSORT guidelines, and all patients pro-
vided written informed consent before enrollment.

2.1 Patient population

Patients aged over 18 years, scheduled for major abdomi-
nal surgery (i.e., Whipple’s procedure or open abdominal
aortic aneurism repair), with a planned extended overnight
stay (standard care) in the PACU were eligible for inclusion.
Patients’ postoperative pulmonary risk scores were evalu-
ated using the Assess Respiratory Risk in Surgical Patients
in Catalonia (ARISCAT) score [11]. Patients were not eli-
gible for inclusion in the case of severe pulmonary disease
(i.e., need for supplementary oxygen at home), upper airway
deformities, CPAP at home, claustrophobia, or were unable
to provide consent. Other exclusion criteria were: inoper-
ability, operative duration> 6 h (due to logistical reasons
and availability of the primary investigator), re-operation,
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admission to the intensive care unit (ICU) from the operating
room, and non-epidural anesthesia.

2.2 Randomization and blinding

Patients were randomized into two groups (1:1) using a
computer-generated randomization list (randomizer.org)
to receive either HCPAP or conventional ICPAP. Alloca-
tion was concealed in numbered sealed opaque envelopes,
which were opened by a research nurse when each patient
arrived in the PACU after surgery. Neither the patient nor
the PACU staff were blinded to treatment allocation. How-
ever, the investigator conducting the statistical analysis was
blinded to randomization.

2.3 Study protocol

All patients were anesthetized in accordance with the stand-
ard departmental protocol for the specified surgical proce-
dure. Before induction, an epidural catheter was inserted
into the 7-9th thoracic epidural space. A total of 5 mL 0.5%
bupivacaine was administered every 75 min during surgery.
Thereafter, 5 mL/h of 2.5 mg/mL bupivacaine was adminis-
tered until postoperative day 3. Propofol, remifentanil, and
cisatracurium were used to induce general anesthesia, which
was maintained using either propofol/remifentanil or sevo-
flurane/remifentanil. Neuromuscular blockade was achieved
by cisatracurium and monitored by neuromuscular train of
four (TOF) stimulation. Extubation was only performed
when the TOF ratio was > 90%.

In the PACU, a Comfort CPAP Zip helmet (DIMAR,
Medolla, Italy) was connected to a dedicated CF 800 CPAP
apparatus (Dréger, Liibeck, Germany) and fitted to each
patient in the HCPAP group. A pressure release valve was
adjusted to ensure CPAP at 7.5 cm H,O [12, 13] while the
oxygen/atmospheric air mixture and flow were titrated to
achieve oxygen saturation >92% or a target set by the attend-
ing anesthesiologist. HCPAP was administered continuously
for 6 h, although small breaks were permitted if the patient
experienced nausea or claustrophobia. For each patient in
the ICPAP group, treatment was initiated by fitting a CPAP
mask connected to a dedicated CF 800 CPAP apparatus
(Driger) with the pressure release valve set to 10 cm H,0
as per standard treatment at the PACU. ICPAP was admin-
istered for 10 min every 2 h throughout the patient’'s PACU
stay except during the night when a continuous 4-h break
was allowed to help the patient sleep.

For both groups, CPAP treatment was initiated as soon as
possible after the patient arrived in the PACU after ruling
out acute pain, nausea, or circulatory problems. The number,
duration, and cause of CPAP breaks were noted for each
patient. There were no restrictions on patient posture dur-
ing HCPAP treatment, but ICPAP was administered with
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each patient lying on their back with a backrest tilted to 45
degrees. Postoperative was assessed using a numeric rating
scale (NRS; 0-10) and treated with epidural boluses or IV
opioids if pain exceeded NRS 3 during rest or five during
movement. Discharge from the PACU was according to a
modified Aldrete discharge score [14].

2.4 Outcome measures

The primary outcome was the partial pressure of oxygen
in arterial blood (PaO,)/fraction of inspired oxygen (FIO,)
ratio, measured 6 h, 12 h, and 18 h after arrival in the PACU.
PaO, was measured by drawing 2 mL of blood from the
arterial cannula and using a point-of-care ABL 710 blood
gas analyzer (Radiometer, Brgnshgj, Denmark), whereas the
FIO, was read from the CPAP apparatus.

Secondary outcome measures were mortality within
30 days, length of PACU stay, and the frequency of PPCs
(defined as the need for supplementary oxygen for more than
3 days, signs of pneumonia [coughing, profusion of mucus,
shortness of breath, chest pain, temperature > 38 °C, heart
rate > 100 beats per min, or a decrease in oxygen saturation],
ICU admission due to respiratory insufficiency, or X-ray ver-
ified (by a radiologist) pneumonia/atelectasis within 6 days
after surgery). Each patient rated their overall comfort dur-
ing CPAP treatment using a numeric rating scale (NRS,
0-10) 2 h after PACU arrival and before PACU discharge.
In addition to overall comfort, sensations of claustrophobia
(y/n), pressure (y/n), dryness (y/n), and smell (y/n) were
also recorded.

2.5 Sample size calculation

Based on a previous helmet CPAP study [15], 92 patients
(46 in each group) were required to detect a difference
in PaO,/FIO, ratio of 50 mm Hg between groups with a
power (1-beta) of 0.8 and a significance level (alpha) of
0.05. To allow for a 10% dropout rate, 102 patients had to
be included.

2.6 Statistical analysis

The underlying distribution of all variables was determined
using visual inspection of histograms and the Kolmogo-
rov—Smirnov test. Continous data are reported as means
(+ standard deviation) or medians (interquartile range), and
group differences were evaluated using either Student’s ¢
test/standardized difference or the Mann—Whitney U test,
depending on the distribution. Differences in proportions
were evaluated using the chi-square test or Fisher’s exact test
as appropriate. All analyses were performed in SPSS ver.
22.0 (IBM Corp., Armonk, NY, USA) and a p value <0.05
was considered statistically significant.

3 Results

Inclusion was initiated in November 2013 and completed in
August 2016. A total of 380 patients were screened for trial
participation, and 137 patients were randomized (Fig. 1).
After randomization, 41 patients were excluded due to:
inoperability (n=15), operative duration>6 h (n=12), re-
operation (n=3), admission to ICU (n=2), non-epidural
anesthesia (n=2), withdrawal of consent (n=2), intraop-
erative mortality (n=1), and loss to follow-up (n=4). Thus,
96 patients were included for analysis and randomization
ensured that the types of surgical procedure were evenly
distributed between the groups (Table 1).

3.1 Baseline characteristics

Baseline characteristics for the study cohort are presented
in Table 1. Participants in the mask and helmet groups were
similar with regard to age, body mass index, American
Society of Anesthesiologists physical status score, smok-
ing status, and level of alcohol consumption. There were no
significant differences between the postoperative pulmonary
risk scores (i.e., ARISCAT scores [11]) from each group.

3.2 Primary outcome

There were no statistically significant differences in PaO,/
FIO, ratios between treatment groups at 6 h, 12 h, and 18 h
postoperatively (Table 2).

3.3 Secondary outcomes

Postoperative outcomes and comfort data are presented
in Tables 3 and 4, respectively. There were no differences
between the groups in terms of the need for supplementary
oxygen for more than 3 days (p =0.39), pneumonia verified
by chest X-ray (p =0.40), length of PACU stay (p =0.18),
ICU admission due to respiratory insufficiency (p =0.53),
or 30-day mortality. Signs of pneumonia tended to be more
frequent in the ICPAP group (p=0.06), yet the difference
was not statistically significant.

There was no difference in the reported level of patient
comfort between the two groups after 2 h of treatment
(p=0.43). Five patients (11%) in the helmet group and none
in the mask group reported a claustrophobic sensation at 2 h
after the initiation of CPAP treatment (p =0.03). There were
no significant differences in sensations of unpleasantness,
pressure (p=0.14), dryness (p =0.34), or smell (p =0.60).
The helmet treatment was briefly paused in 26 of 48 (58%)
patients (median, 1.5 min [range, 0-9 min]), whereas all
patients given mask CPAP tolerated the treatment without
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breaks. The mean total treatment durations were 358 min
(range, 350-360 min) for the helmet interface and 70 min
(range, 66—80) for the mask interface.

4 Discussion

This study compared HCPAP with ICPAP treatment of
patients recovering from major abdominal surgery. We found
no difference between the modalities in the risk of pulmo-
nary complications or the level of postoperative oxygenation
measured using the PaO,/FIO, ratio. The patients showed
similar tolerance to both treatments.

Several studies have demonstrated the benefits of pro-
phylactic and therapeutic CPAP compared with respiratory
physiotherapy and oxygen therapy following abdominal sur-
gery (e.g., shorter hospital stays, fewer complications, and
reduced morbidity) [4-6]. However, a recent report contra-
dicted these findings and presented no difference in postop-
erative morbidity between CPAP or standard postoperative
care [16]. However, this report included a broader definition
of major surgery than that of the current study and a shorter
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treatment length (at least 4 h) than that presented by Fer-
reyra et al. [4]. Also, the report did not include a comparison
between CPAP modalities. Hence, comparisons between hel-
met and mask CPAP treatments (in contrast to noninvasive
positive pressure ventilation) in clinical settings are still
lacking, particularly in the postoperative period.

In our study, there were no significant differences
between the groups in the PaO,/FIO, ratios measured before
or after CPAP treatment (Table 2). Interestingly, at 18 h,
the helmet treatment had been discontinued for 12 h, and
yet the PaO,/FIO, ratio did not differ significantly from
that measured in patients treated with ICPAP. In patients
with acute respiratory failure (ARF), CPAP delivered via
the helmet resulted in similar improvements in PaO,/FI10,
ratios to those observed in patients who had received CPAP
via the mask interface [17, 18] However, in one study, by
12 h after the initiation of treatment, only the helmet group
had a PaO,/FIO, ratio that was significantly higher than that
recorded at baseline [17]. In addition, in infants with bron-
chiolitis, CPAP delivered via the helmet or mask interface
resulted in a similar improvement in PaO,/FIO, ratio [19].
In a physiological study, the helmet was reported as efficient
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Table 1 Patient demographics Mask CPAP =48 Helmet CPAP =48 Stand-
and characteristics presented ardized
as mean + SD unless otherwise difference®
specified
Surgical procedure
Whipple’s, n (%) 24 (50) 24 (50) -
Abdominal aortic aneurysm 24 (50) 24 (50) -
repair, n (%)
Age (years) 67 (£8) 68 (+8) -0.16
BMI (kg/cm?) 26 (+7) 25 (+4) 0.17
Gender
Male, n (%) 39 (75) 39 (75) -
Female, n (%) 13 (25) 13 (25) -
ASA score 0.06
1, n (%) 1(2) 1(2)
2,n (%) 27 (52) 24 (46)
3,n (%) 24 (46) 27 (52)
Smoker: 0.19
Active, n (%) 21 (41) 16 (31)
Previous, n (%) 11 (21) 16 (31)
Never smoked, n (%) 20 (38) 20 (38)
Smoking, packet years 29 (£22) 24 (£24) 0.22
Alcohol units per week - 021
0, n (%) 26 (50) 17 (33)
1-7,n (%) 11 (21) 12 (23)
8-14, n (%) 6 (12) 11 (21)
15-21, n (%) 6 (12) 6 (12)
>21,n 1 5
ARISTCAT-score 38 (+9) 39 (+10) —-0.11
ARISTCAT-percentage 9(x11) 11 (+13) -0.16

Table 2 Comparison of PaO,/
FIO, ratio between treatment
groups

BMI body mass index, ASA American Society of Anesthesiology, ARISCAT Assess Respiratory Risk in
Surgical Patients in Catalonia [11]

4Standardized difference was obtained by calculating the mean difference between the groups and then
dividing the results by the pooled standard deviation (< 0.2 indicates no effect, 0.2-0.49 indicates a small
effect, 0.5-0.79 indicates a medium effect, > 0.8 indicates a major effect)

Intermittent mask  Continous helmet Mean difference (CI) p value
CPAP? CPAP®
PaO2/FIO2 (mmHg + SD)
Hour 0° "Baseline” 367.3+83.2 337.5+82.7 —29.9 (- 63-3.9) 0.08
Hour 6¢ 377.1+84.3 348.1+89.1 —304 (- 65-5) 0.10
Hour 12 364.8+87.4 334.4+77.5 — 304 (— 64.2-3.5) 0.08
Hour 18 314.4+71.8 307.8+75.8 — 6.5 (—36.9-23.9) 0.67

Standard treatment, Mask CPAP at 10 cm H,O for 10 min every second hour for the duration of admit-
tance to the Post-Anesthesia Care Unit

"Helmet CPAP at 7.5 cm H,0 for 6 h initiated upon arrival to the Post-Anesthesia Care Unit

“Initiation of CPAP after ruling out acute pain, nausea, or circulatory problems

9End of Helmet treatment
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Table 3 Clinical features of
study cohort presented as
mean (+ SD) unless otherwise
specified

Intermittent mask Continuous hel-  Differ-
CPAP n=48 met CPAP n=48 encep
value
Duration of intubation, min 284 +91 279+ 88 0.59
Duration of operation, min 241+89 231+85 0.73
Length of PACU stay, h 22+6 20+2 0.18
Postoperative pulmonary complications:
Postoperative signs of pneumonia® 9 (20%) 3(6.3%) 0.06
Postoperative pneumonia (X-ray verified) 4 (8%) 2 (4%) 0.40
O, supplementation > 3 days post surgery, 7 (%) 19 (40%) 15 31%) 0.39
Postoperative antibiotics >3 days 21 (44%) 18 (38%) 0.53
Readmittance to ICU due to respiratory insufficiency 5 (10%) 3 (6%) 0.46

PACU Post-Anesthesia Care Unit, ICU Intensive Care Unit

#Coughing, profuse mucus, shortness of breath, chest pain, temperature>38°, heart rate>100/min or a

decrease in oxygen saturation

Table 4 Comparison of patient-
reported comfort between the
groups

Intermittent mask Continuous helmet Differ-
CPAP n=48 CPAP n=48 ence p
value
CPAP treatment length min, median (IQR) 70 (66-80) 358 (350-360) -
Comfort after 2 h treatment
Comfort Score?, median (IQR) 2 (1-3) 2 (1-4.5) 0.43
Claustrofobic sensation, n (%) 00 5 (10) 0.03
Uncomfortable pressure, n (%) 13 (27) 8 (17) 0.14
Sensation of dryness, n (%) 13 (29) 10 (21) 0.34
Unpleasant smell, n (%) 4(8) 6 (12.5) 0.60
Paused treatment, n (%) 0 26 (54) -
Total pause duration min, median (IQR) 1.5 (0-9) -
Due to
Claustrofobic sensation, n 0
Due to Nausea, n (%) 6 (19)
Due to dryness, n (%) 4 (13)
Dye to pressure, n 0
Unspecified, n (%) 22 (69)

*Numeric Rating Scale (NRS), 0—10—with the number 0 indicating best possible comfort and 10 the worst

as the mask interface in delivering CPAP to healthy adult
volunteers [20]. However, due to CO, rebreathing, the hel-
met interface requires a greater flow of fresh gas to main-
tain PaCO, levels [15, 20, 21]. Although few studies have
compared the efficacy of using a helmet or mask interface
to deliver CPAP, these have consistently reported similar
improvements in PaO,/FIO, ratio for both methods.

In the current study, the frequency of clinical signs of
pneumonia/atelectasis (e.g., coughing, profusion of mucus,
shortness of breath, chest pain, temperature > 38 °C, heart
rate > 100 beats per min, or a decrease in oxygen saturation)
tended to be higher in the mask group (p =0.06) but this did
not reach statistics significance and there was no difference
in the rates of X-ray verified pneumonia/atelectasis between
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the groups. Prophylactic CPAP in the postoperative period is
reportedly associated with a decreased risk of atelectasis and
improved spirometric data, compared with respiratory and
oxygen therapy [7, 13, 22]. However, few studies have com-
pared CPAP delivery interfaces and is possible that our study
was underpowered with regard to these secondary outcomes.

We found no significant difference in the rates of ICU
admission due to respiratory failure between patients who
used the helmet versus the mask interface (10% vs. 6%,
respectively; p=0.46; Table 3). Our study was not con-
ducted on patients with ARF. Therefore, the rate of ICU
admission due to respiratory failure was low, and the study
was not powered to evaluate ICU admission rates. However,
similar intubations rates were reported in a randomized
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controlled trial of infants with bronchiolitis who received
CPAP via mask or helmet interfaces (17% vs. 23%, respec-
tively; n=30) [19].

In the present study, both groups tolerated the CPAP
treatments equally well, and there were no differences in
overall patient-reported comfort. Patient tolerance to treat-
ment provided via mask or helmet interfaces has been com-
pared in many studies [17, 18, 23-30]. Several studies have
reported higher tolerance of the helmet interface [17, 23-27],
whereas some studies reported no differences [21-24]. In
our study, the helmet treatment was briefly paused in 26
cases; however, all patients completed the full 6 h treatment.
All patients given ICPAP tolerated the treatment without
breaks. Patients given HCPAP were more likely to report
claustrophobia than those given ICPAP; however, no pauses
in HCPAP treatment were due to claustrophobia.

The helmet interface reportedly reduces the risks of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
aerosolization and exposure for healthcare personnel signifi-
cantly, compared with the face mask interface [31]. There-
fore, international guidelines have recommended using the
helmet interface for noninvasive respiratory support during
the SARS-CoV-2 pandemic [31]. Our results indicate that
the helmet interface is as tolerated by patients and provides
similar pulmonary oxygenation levels to the mask interface
without increasing the risk of PPCs. Hence, the helmet inter-
face may represent a safer option for staff without compro-
mising patient care. Although in our experience, the protocol
to remove the helmet for hasty intubation can be cumber-
some compared to removing the mask.

This study had some limitations. First, patients in the
ICPAP group received the standard care regime of CPAP
at 10 cm H,O for 10 min every 2 h throughout their stay
in the PACU, whereas those in the HCPAP group received
7.5 cm H,O for 6 h, initiated upon PACU arrival. How-
ever, the difference in the total length of CPAP treatment
time [mask: median, 70 min (range, 66—80 min); helmet:
median, 358 min (range, 350-360 min)] did not translate
into improved oxygenation or a reduced risk of pulmonary
complications in the HCPAP group. Second, the CPAP level
in the HCPAP group (7.5 cm) was lower than in the ICPAP
group (10 cm), and this may have offset any benefit of the
longer CPAP duration in the HCPAP group. This HCPAP
level was chosen based on previous studies [12, 13], and
the lower pressure was also assumed to increase patient
compliance. Therefore, this study compared two different
CPAP treatment strategies rather than a direct comparison
of two different CPAP interfaces using the same pressure
level and treatment duration, which should be evaluated in
future studies. Third, postoperative pain and management
during the PACU visit was not documented. It was assessed
using NRS (0-10) and treated with epidural boluses or IV
opioids. As postoperative pain has been shown to reduce

effort-dependent lung function and could influence the risk
of PPC [3], registration of NRS scores and pain manage-
ment during PACU admission would have been relevant and
strengthened the study In addition, only limited blinding of
treatment allocation was possible in this study, increasing
the risk of bias. However, the investigator conducting the
statistical analysis was blinded to treatment allocation. Fur-
thermore, our results may lack external validity as this was
a single-center study.

We found that continuous prophylactic CPAP treatment
via the helmet interface was well tolerated by patients, pro-
vided a similar level of postoperative pulmonary oxygena-
tion, and did not increase the risk of pulmonary complica-
tions compared to ICPAP. The helmet interface is associated
with significantly lower risks of SARS-CoV-2 aerosolization
and exposure for healthcare personnel [31], hence it may
contribute to a safer PACU environment for staff without
compromising treatment outcomes for patients recovering
from major abdominal surgery.
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