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ABSTRACT

Background. Postoperative pulmonary complications

(PPCs) are the most commonly reported complications

after esophagectomy. The aim of this study was to examine

the effect and feasibility of preoperative inspiratory muscle

training-high intensity (IMT-HI), and IMT-endurance

(IMT-E) on the incidence of PPCs in patients following

esophagectomy for esophageal cancer (EC).

Method. A single-blind, randomized, clinical pilot study

was conducted between 2009 and 2012. Forty-five partic-

ipants were assigned to either IMT-HI or IMT-E.

Effectiveness was assessed by analyzing PPCs, length of

hospital stay (LOS), duration of mechanical ventilation,

stay on the intensive care unit, and number of reintuba-

tions. Maximal inspiratory pressure and lung function

changes were recorded pre- and post-training. Feasibility

was assessed by IMT-related adverse events, training

compliance, and patients’ satisfaction.

Results. Thirty-nine patients could be analyzed, 20

patients in the IMT-HI arm and 19 patients in the IMT-E

arm. The incidence of PPCs differed significantly between

groups and was almost three times lower for the IMT-HI

group (4 vs. 11 patients; p = 0.015). Other differences in

favor of the IMT-HI group were LOS (13.5 vs. 18 days;

p = 0.010) and number of reintubations (0 vs. 4 patients;

p = 0.030). Both interventions proved to be equally

feasible.

Conclusion. Preoperative IMT-HI showed to be a prom-

ising, effective, and feasible intervention to reduce PPCs in

EC patients undergoing esophagectomy. Further research

with a larger sample size is recommended.

The risk of postoperative pulmonary complications

(PPCs) following esophagectomy is generally high

(27–57 %) and PPCs frequently result in morbidity and

mortality.1–7 PPCs are the most commonly reported com-

plications after esophagectomy4 and contribute to a

prolonged length of hospital stay (LOS) and stay on the

intensive care unit (ICU), with increased costs of care.4,6

Research regarding the prediction of PPCs following

esophagectomy usually focuses on intra- and postoperative

management. Although these developments have led to a

reduction in PPCs, the incidence remains high. Previous

efforts in esophageal cancer (EC) patients have not con-

sidered the potential of preoperative interventions.1

Improving general physical fitness preoperatively may

reduce PPCs, but it is questionable whether it can be

achieved in the limited timeframe with current use of

neoadjuvant chemoradiotherapy (CRT) prior to
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esophagectomy. Alternatively, preoperative pulmonary

training may offer a similar risk reduction in a shorter time

period.4

A recent systematic review showed significant risk

reduction of developing PPCs in patients after cardiac or

abdominal surgery when preoperative inspiratory muscle

training-endurance (IMT-E) was provided.8 Preoperative

IMT-E in high-risk patients undergoing coronary artery

bypass graft has shown a reduction of nearly 50 % in PPCs

and an improvement of 18 % in maximal inspiratory

pressure (MIP).9 One recently published study focused on

the effects of preoperative IMT-E in patients undergoing

esophagectomy.10 In this prospective, non-randomized

study, preoperative IMT-E showed no significant effect on

the occurrence of postoperative pneumonia. However,

these results cannot be interpreted straightforward due to

significant baseline differences and insufficient maximal

resistance of the training device.

While the studies described above focused on IMT-E,

another available modality, i.e. high intensity (IMT-HI),

has been shown to be feasible and beneficial in healthy

adults,11 chronic obstructive pulmonary disease (COPD)

patients,12 and chronic heart failure,13 with an increase of

MIP by 41, 29, and 31 %, respectively. As the improve-

ment in MIP seems to be greater than in IMT-E, this

modality may be more effective in reducing PPCs. Until

now, IMT-HI has not been used preoperatively and its

effects on PPCs are not clear.

Therefore, the primary objective of this pilot study was

to examine the effect of preoperative IMT-HI on PPCs

compared with preoperative IMT-E in EC patients awaiting

esophagectomy. The secondary objective is to investigate

the effect on LOS, stay on the ICU, number of reintuba-

tions, MIP and preoperative lung function, and to examine

the feasibility of both training modalities.

PATIENTS AND METHODS

Patients and Design

The study was performed between December 2009 and

September 2012 at the University Medical Center Gron-

ingen, after approval by the local Medical Ethics

Committee (M09.071587). Eligibility was assessed by the

following criteria: histologically proven EC and selected

for standard esophagectomy ± neoadjuvant CRT, age

between 18 and 85 years, able to perform a valid spirom-

etry test, and knowledge of the Dutch language. Exclusion

criteria were neuromuscular disorder, unstable asthma,

history of spontaneous pneumothorax, cognitive disorder,

inability to travel to the hospital, and emotional instability.

Eligible patients received written and oral information and

written informed consent was obtained from participants

prior to the study.

Randomization and Allocation

In this single-blind, randomized pilot study, patients

were randomized to one of the two intervention groups

using a block-wise randomization. The physical therapist

was informed about the allocated intervention. Researchers

assessing the outcomes were blinded to the intervention.

Type of intervention was released after registration of all

data.

Interventions

Patients received preoperative IMT-HI or IMT-E. The

intention was to provide a minimum training period of

3 weeks that ended the day before surgery. In case of

receiving neoadjuvant CRT, training started 1–2 weeks

after finishing CRT (depending on experienced side

effects).

IMT-HI was based on the program described by Enright

et al.11 Patients performed three supervised training ses-

sions per week, each consisting of six cycles of six

inspiratory maneuvers on an inspiratory threshold-loading

device (Respifit S�, Biegler GmbH, Mauerbach, Austria).

Resting time between cycles was progressively reduced

from 60 to 45, 30, 15, and 5 s. MIP was measured weekly

to adjust intensity adequately. Initial intensity was 60 % of

MIP and increased to 80 % during the first week. In con-

secutive sessions, training intensity was 80 % of MIP and

increased with 5 % if a Borg score14 for perceived exertion

\5 was reached.

IMT-E was based on the program of Hulzebos et al.9 and

contained seven training sessions a week, three supervised

and four unsupervised (performed at home). Each session

consisted of 20 min of breathing through an inspiratory

threshold-loading device (Threshold-IMT�, Respironics) at

30 % of the MIP measured before the first session. Train-

ing load was increased with 5 % when a Borg score of\5

was reached. To perform IMT at home, patients received

instructions and kept a training log (intensity, experience,

and perceived exertion).

A skilled physiotherapist guided the supervised training

sessions. All patients received the usual postoperative

physical therapy (breathing exercises, coughing techniques,

and early mobilization).

Outcome Measures

Patient characteristics, disease-related variables, and

postoperative outcome measures were prospectively reg-

istered. PPCs were recorded using the criteria described by
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Kroenke et al.15 (Appendix 1) at a 4-point ordinal scale.

The highest rate of PPC scored during admission was

selected. PPCs were considered clinically relevant when

one or more items in grade 3 or 4 were scored.

Secondary outcome measures were LOS (number of days

admitted since day of surgery), stay on the ICU (in days),

number of reintubations, and preoperative change in MIP

and lung function. MIP and lung function were measured

before (T0) and after (T1) the training period. MIP was

measured with a portable respiratory pressure meter (Micro

Medical RPM, PT Medical, Leek, The Netherlands) and

according to the ATS/ERS protocol.16 Lung functions

(forced vital capacity [FVC], forced expiratory volume in

1 s [FEV1], FEV1/FVC, and peak inspiratory flow [PIF])

were measured according to the ATS/ERS protocol.17 Fea-

sibility was assessed by the number of IMT-related adverse

events, compliance to training, and self-estimated load of

participation (on a 10-point scale).

Statistical Analysis

Statistical analyses were performed using SPSS statis-

tical software, version 20.0 (IBM Corporation, Armonk,

NY, USA). Two-sided significance tests were used

(a\ 0.05). Data are presented as mean and standard

deviation (SD), or median and interquartile range (IQR) for

variables with a skewed distribution. Differences between

groups in categorical variables were tested with Chi square

or Fisher’s exact test, for continuous data the student’s

t test or the Mann–Whitney U test was used. The Wilcoxon

signed rank test was used to compare MIP and lung

function tests at T0 and T1. Relative risk was calculated for

PPCs and occurrence of pneumonia.

RESULTS

Eighty-four patients were assessed for eligibility, of

which 39 were excluded (16 not meeting inclusion criteria,

23 declined). Of the 45 participants, 23 were allocated to

IMT-HI, of which three were lost to follow-up (one non-

resectable tumor at surgery, one unrelated lung embolism,

and one discontinuation of training due to personal rea-

sons). Twenty-two patients were allocated to IMT-E, of

which two did not receive the intervention (one unrelated

transient ischemic attack during intake, and one provoca-

tion of severe tension headache) and one was lost to

follow-up (non-resectable tumor at surgery; Fig. 1). None

of the included patients had pulmonary or other possible

interfering comorbidities. The median number of weeks

trained was 3.7 (2.9–4.4) for the IMT-HI group and 3.7

(3.0–4.4) for the IMT-E group (U = 169.50; p = 0.564;

r = -0.09).

All patients received optimal pain management post-

operatively (epidural analgesia, patient controlled

analgesia, or a combination). No significant differences in

baseline characteristics (Table 1) and perioperative char-

acteristics (Table 2) were found between groups.

Postoperative Pulmonary Complications

A significant difference in PPCs was observed between

groups (v2[1] = 5.91; p = 0.015; Table 3). Focusing on

the clinically relevant PPCs, i.e. grade 3 and 4, a relative

risk of 2.9 to develop a PPC was found for patients in the

IMT-E group (IMT-HI: 4 [20.0 %] vs. IMT-E: 11

[57.9 %]). Specified for pneumonia, the difference was

equally large (IMT-HI: 3 [15 %] vs. IMT-E: 8 [42.1 %]),

with patients in the IMT-E group being 2.81 times as likely

to develop a pneumonia, although this result failed to reach

significance (v2[1] = 3.54; p = 0.060).

Length of Hospital Stay

Patients in the IMT-HI group had a significantly shorter

duration of LOS compared with patients in the IMT-E

group (U = 98.50; p = 0.010; r = -0.41). Patients scor-

ing a PPC grade 1 or 2 had a significant shorter LOS

compared with patients with a PPC grade 3 or 4

(U = 37.50; p = 0.000; r = -0.66).

Number of Reintubations and Stay on Intensive Care

Unit

Significantly less reintubations were required in the

IMT-HI group than in the IMT-E group (v2[1] = 4.69;

p = 0.030). Patients in the IMT-HI group tended to show a

shorter duration of ICU stay compared with the IMT-E

group; this difference just failed to reach significance

(U = 130.50; p = 0.071; r = -0.29).

Maximal Inspiratory Pressure and Lung Function

The median MIP (IQR) in cmH2O for the IMT-HI group

showed a significant increase of 12 % from T0 to T1

(z = -3.24; p = 0.001; r = -0.76). The IMT-E group

showed a significant increase of 35 % (z = -3.82;

p = \0.001; r = -0.88). No significant difference in

change from T0 to T1 was found between groups

(U = 138.00; p = 0.316; r = -0.17).

A significant decrease over time was found on median

FEV1 in the IMT-HI group (z = -2.36; p = 0.018; r = -

0.57). PIF increased significantly over time in the IMT-E

group (z = -3.00; p = 0.003; r = -0.75), resulting in a
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significant difference between groups for PIF on T1

(U = 65.50; p = 0.011; r = -0.44) [Table 4].

Feasibility

Of the earlier described reasons for dropout, only ten-

sion headache was possibly related to the IMT intervention.

The other reasons for dropout were determined as unrelated

by an independent physician. No further adverse events

occurred during training. Average compliance for the IMT-

HI and the IMT-E groups were 98.0 % (minimum 84.6–

maximum 100 %) and 99.4 % (minimum 93.6–maximum

100 %), respectively (U = 170.00; p = 0.240; r =

-0.14). Self-estimated load of participation was graded

with a median score of 5 (IQR 3–7) in both groups. No

significant differences between groups were found.

DISCUSSION

This pilot study showed that PPCs occurred significantly

and approximately three times less in the IMT-HI group

compared with the IMT-E group. Additionally, patients in

the IMT-HI group had a significantly shorter LOS and a

lower number of reintubations. IMT-HI showed to be

equally feasible as IMT-E for patients awaiting esopha-

gectomy and proved to be a promising preoperative

intervention to reduce PPCs.

Although the study population was small, the results

strongly indicate in favor of IMT-HI, which may offer a

significant contribution in reducing PPCs over IMT-E. The

results in the IMT-E group match the results of a previous

study on IMT-E which did not show a significant reduction

of pneumonia in patients after esophagectomy.10 The

shorter LOS and fewer reintubations in the IMT-HI group

FIG. 1 CONSORT diagram for enrolled patients. IMT inspiratory muscle training, TIA transient ischemic attack
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are positive from the patients’ perspective and may lead to

a considerable cost reduction in care for this population.

When comparing the results with the earlier reported

rates of PPCs following esophagectomy of 27–57 %, it is

shown that the incidence in this study, especially in the

IMT-E group, was relatively high. In a previous study of

the same institute, an incidence of PPCs of 42 % (aged

\70 years) and 56 % (aged C70 years) was found after

esophagectomy without neoadjuvant chemoradiation

therapy (NCRT).18 Compared with this reference group,

the IMT-E group showed an even higher rate of PPCs

(57.9 %), whereas patients in the IMT-HI group showed a

considerably lower rate (20 %). It should be noted that the

current population received NCRT, which may have

induced more PPCs. As shown in a recent study, there is an

increased incidence of cardiopulmonary complications in

patients receiving NCRT prior to esophagectomy when

compared with surgery alone.19

TABLE 1 Baseline characteristics of patients

All analyzed patients (n = 39) IMT-HI (n = 20) IMT-E (n = 19)

Age [years; mean (SD)] 62.0 (7.1) 62.7 (7.1) 61.3 (7.3)

Sex (n)

Male (%) 29 (74.4) 15 (75.0) 14 (73.7)

Female (%) 10 (25.6) 5 (25.0) 5 (26.3)

BMI, median (IQR) 25.0 (22.6–28.1) 23.9 (22.8–28.7) 25.7 (22.6–28.1)

History smoking (%) 13 (33.3) 6 (30.0) 7 (36.8)

Lung function test, median (IQR)

FEV1 (% pred.) 102.0 (88.0–117.0) 103.0 (90.0–117.0) 99.0 (81.0–123.0)

FVC (% pred.) 106.0 (99.0–128.0) 109.0 (96.0–131.0) 106.0 (101.0–123.0)

FEV1/FVC 71.7 (66.6–81.8) 72.2 (69.4–81.7) 70.7 (64.0–81.8)

PIF (L/s) 5.5 (3.8–6.9) 4.9 (3.8–6.3) 6.1 (4.4–7.5)

MIP, cmH2O, median (IQR) 87.0 (67.0–87.0) 94.0 (72.0–120.0) 84.0 (67.0–94.0)

ASA classification, no. (%)]

I 5 (12.8) 3 (15.0) 2 (10.5)

II 29 (74.4) 16 (80.0) 13 (68.4)

III 5 (12.8) 1 (5.0) 4 (21.1)

NCRT [n (%)] 36 (92.3) 18 (90.0) 18 (94.7)

ASA classification American Society of Anesthesiologists five-category physical status classification system, BMI body mass index, FVC forced

vital capacity, FEV1 forced expiratory volume in 1 s, FEV1/FVC Tiffeneau index, IMT-E inspiratory muscle training-endurance, IMT-HI

inspiratory muscle training-high intensity, IQR interquartile range, MIP maximal inspiratory pressure, NCRT neoadjuvant chemoradiation

therapy; was based on concomitant carboplatin and paclitaxel and 41.4 Gy radiotherapy, PIF peak inspiratory flow, pred. predicted

TABLE 2 Perioperative characteristics

All patients IMT-HI (n = 20) IMT-E (n = 19) p value

Thoracotomya

Left sideb 15 (38.5) 8 (40.0) 7 (36.8) 0.839

Right sideb 24 (61.5) 12 (60.0) 12 (63.2)

Duration of surgery/anesthesia

[h:min; median (IQR)]c
8:42 (7:45–10:00) 8:05 (7:41–9:35) 8:59 (8:21–10:09) 0.116

Duration of mechanical ventilation

[h:min; median (IQR)]c
16:05 (13:33–25:43) 15:09 (13:12–22:07) 18:47 (13:43–27:45) 0.354

Deflation time lung

[h:min; median, IQR)]c
2:25 (1:30–3:15) 2:05 (1:30–2:47) 2:40 (2:15–3:15) 0.311

IMT-E inspiratory muscle training-endurance, IMT-HI inspiratory muscle training-high intensity, IQR interquartile range
a Chi square
b Left side: left-sided thoraco-phreno-laparotomy with intrathoracic anastomosis; right side: right-sided thoraco-laparotomy with cervical

anastomosis (McKeown)
c Mann–Whitney U
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The relation between PPCs, MIP, lung function and LOS

remains indefinite. Where Hulzebos et al.9 assumed that the

significant increase of MIP might be related to a reduction of

PPCs, the results of the present study cannot confirm this. No

significant difference in MIP between groups was found in

the present study, yet a significant difference in PPCs in favor

of IMT-HI occurred. Moreover, the influence of lung func-

tion on PPCs seems to be questionable, which is also

supported by the study of Feeney et al.20 who found no sig-

nificant difference in lung function between patients with or

without a PPC after esophagectomy.

The feasibility of preoperative IMT-E was previously

shown in patients undergoing coronary artery bypass sur-

gery and abdominal surgery 9,21,22 and in patients selected

for esophagectomy.10 The present study confirmed these

findings and additionally showed IMT-HI to be equally

feasible in patients undergoing esophagectomy. As IMT-HI

is less time-consuming (IMT-HI: 3 sessions a week vs.

IMT-E: 7 sessions a week), this modality might be

preferable, particularly in patients receiving NCRT, con-

sidering their full treatment schedule.

The main limitation of this pilot study was the small

sample size due to limited inclusion during the study per-

iod. Primary reasons to decline participation were overall

exhaustion from the pre-treatment period and travelling

distance to the hospital. This may have caused selection

bias. The study group seems to have a high level of func-

tioning, which is also reflected in the absence of possible

interfering comorbidities. Therefore, the generalizability of

the results may be restricted. However, it can be expected

that patients with lower initial functioning benefit even

more from this intervention. Another limitation was the

earlier-described maximal load of the threshold trainer

(41 cmH2O),10 which resulted in suboptimal training for 6

of the 19 IMT-E patients. However, considering the results

of this study, it remains questionable whether a further

increase in MIP would have influenced the effect on

reducing PPCs.

TABLE 4 Preoperative MIP and lung function tests at T0 and T1

IMT-HI (n = 20) IMT-E (n = 19)

T0 T1 p value T0 T1 p value

MIP [cmH2O; median (IQR)]a 93.5 (69.0–120.5) 104.5 (95.5–136.3) 0.001 84.0 (67.0–94.0) 113.0 (86.0–126.0) \0.001

Lung function test [median (IQR)]a

FEV1 (% pred.) 103.0 (88.8–117.0) 95.0 (87.5–113.0) 0.018 99.0 (81.0–123.0) 98.5 (84.5–112.8) 0.127

FVC (% pred.) 109.0 (94.5–130.8) 101.0 (88.0–125.5) 0.064 106.0 (101.0–123.0) 112.0 (99.0–115.0) 0.368

FEV1/FVC 72.2 (69.2–83.1) 75.6 (71.0–82.6) 0.877 70.7 (64.0–81.8) 71.3 (63.5–80.8) 0.472

PIF (L/s) 4.9 (3.7–6.6) 5.4 (4.1–6.5) 0.313 6.1 (4.4–7.5) 7.0 (5.7–7.8) 0.003

FEV1 forced expiratory volume in 1 s, FEV1/FVC Tiffeneau index, FVC forced vital capacity, IMT-E inspiratory muscle training-endurance,

IMT-HI inspiratory muscle training-high intensity, IQR interquartile range, MIP maximal inspiratory pressure, PIF peak inspiratory flow, pred.

predicted
a Wilcoxon signed rank test

TABLE 3 Postoperative characteristics

All patients IMT-HI (n = 20) IMT-E (n = 19) p value

Level of PPC [n (%)]a

Grade 1 or 2 24 (61.5) 16 (80.0) 8 (42.1) 0.015

Grade 3 or 4 15 (38.5) 4 (20.0) 11 (57.9)

Pneumonia [n (%)]a 11 (28.2) 3 (15.0) 8 (42.1) 0.060

LOS [median (IQR)]b 16.0 (11.0–21.0) 13.5 (11.0–16.0) 18.0 (14.0–28.0)c 0.010

Duration of ICU stay [days; median (IQR)]b 0.5 (0.5–2.5) 0.5 (0.5–2.0) 1.5 (0.5–5.5) 0.071

Reintubations [n (%)]a 4 (10.3) 0 (0) 4 (21.1) 0.030

ICU intensive care unit, IMT-E inspiratory muscle training-endurance, IMT-HI inspiratory muscle training-high intensity, IQR interquartile

range, LOS length of stay, PPC postoperative pulmonary complications
a Chi square
b Mann–Whitney U
c n = 18, 1 abstinence from further treatment
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CONCLUSION

Based on the significant results of this pilot study, IMT-

HI proved to be a promising and effective intervention in

reducing PPCs in patients undergoing esophagectomy.

Further research, including a randomized controlled trial in

a larger population, is needed. Decentralizing the HI

training with use of a portable training device would

potentially increase inclusion rate and feasibility. The

optimal HI-training modality and the relation between

PPCs, MIP, and lung function need clarification.
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