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Maximum inspiratory and expiratory pressures in the pre and 
postoperative periods of patients with incisional abdominal 
hernia corrected by Lázaro da Silva technique

Pressões máximas inspiratórias e expiratórias no pré e pós-operatório de 
pacientes com hérnias incisionais abdominais corrigidas pela técnica de Lázaro 
da Silva

 INTRODUCTION

Abdominal incisional hernia is a relatively common 

surgical disease, with an estimated incidence of 

around 15-20% of all laparotomies1. Without treatment, 

it tends to increase progressively and complicate with 

incarceration2,3, obstruction, strangulation4, deviation 

of the lumbar spine with low back pain, skin ulcer, 

skin infection, hernia rupture2, loss of domain5, muscle 

changes6, circulatory changes6, respiratory failure7, and 

tends to worsen patients’ quality of life8,9.

Respiratory dysfunction has been attributed 

to diaphragmatic dysfunction and the lack of normal 

action of abdominal muscles that are anatomically poorly 

positioned. When the incisional hernia is corrected, with 

anatomical restoration of the abdominal wall muscles, 

diaphragmatic repositioning occurs, with consequent 

improvement in the function of the breathing muscles.

In an initial study10, one of the authors analyzed 

only the pressure of the breathing muscles at the level of 

functional residual capacity (volume of air remaining in 

the lung after normal expiration). The pressures generated 

by the muscles of the large and medium hernias were not 

compared, nor were reported the pressures generated 

from residual volume (volume of air left in the lung after 

forced expiration) and total lung capacity (maximum 

volume of air left in the lung after deep inspiration), 

which can generate other types of results. In view of this 

issue, we carried out the present study.

The objective was to verify the maximum 

respiratory pressure in patients with large and medium 

longitudinal abdominal incisional hernias, before and 

after surgical correction, in different lung volumes, and 

the effect of surgery on these pressures.
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A B S T R A C T

Objective: To verify the effect of longitudinal abdominal incisional herniorrhaphy on respiratory muscle pressure. Method: The technique 

of incisional herniorrhaphy used was proposed by Lázaro da Silva. To measure the pressure, we used a water manometer in 20 patients, 

median age 48.5 years (range 24 70). We analyzed the maximum inspiratory pressure at the level of residual volume (IP-RV) and functional 

residual capacity (IP-FRC) and the maximum expiratory pressure of functional residual capacity (EP-FRC) and total lung capacity (EP-TLC) 

in the preoperative and late postoperative (40 90 days) periods, in 13 patients with large incisional hernias and in 7 patients with medium 

incisional hernias. Results: There was a significant increase in IP-FRC (p = 0.027), IP-RV (p = 0.011) and EP-TLC (p = 0.003) in patients with 

large incisional hernias. EP-FRC increased, but not significantly. In patients with medium incisional hernias, the changes were not significant. 

Conclusion: Surgical correction of large incisional hernias improves the function of the breathing muscles; however, surgery for medium 

incisional hernias does not alter this function.
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 METHODS

After approval by the Ethics Committee of the 

Higher School of Sciences of Santa Casa de Misericórdia 

de Vitória, protocol number 3,416,830, we carried 

out a retrospective study with data obtained from 

specific medical records. We analyzed 20 patients with 

longitudinal abdominal incisional hernias, aged between 

24 and 70 years (mean 48.50 ± 14.13). Nine were men, 

and 11, women, 13 with large incisional hernias (hernia 

ring = 10cm in the transverse axis) and seven with medium 

incisional hernias (hernia ring = 4-10cm in the transverse 

axis), according to the European Hernia Society11. All 

patients underwent abdominal incisional hernia repair 

using the Lázaro da Silva technique12.

We evaluated the maximum inspiratory 

pressures at functional residual capacity (IP-FRC) and at 

residual volume (IP-RV) and the expiratory pressures at 

functional residual capacity (EP-FRC) and at total lung 

capacity (EP-TLC). We used a water manometer to measure 

the pressures in the preoperative and late postoperative 

periods (40 to 90 days).

The water manometer was described in a 

previous work10, and comprised a plastic collector bottle, 

with capacity for 5 liters of water, with an upper and a 

lower opening; a plastic tube approximately 20cm long by 

1cm in diameter, connected to the upper opening of said 

bottle; at the free end, a disposable tube was attached 

in which the patient adapted the lips to perform the 

examination; a long plastic tube with 1cm in diameter that 

came out of the lower opening of the collecting bottle, and 

was fixed to a U shaped wooden stand, with one vertical 

branch larger than the other. In the smaller branch, the 

collecting flask was attached, about 1.35m from the soil 

and the initial portion, descending from the long tube. 

This was also attached to the horizontal branch and the 

ascending branch of the wooden stand. The ascending 

branch graduated in centimeters and, therefore, the long 

plastic tube was 3.5m long, starting from the ground. The 

ruler graduated in cm was attached to this tube to read 

the pressure values (Figure 1).

The water content of the collecting flask was 

completed until the water column reached zero level, 

marked on the graduated ruler. Pressures obtained above 

that level were positive and those below it were negative. 

Figure 1. Scheme of the water manometer used to measure the inspira-
tory and expiratory pressures. A - Water collection bottle with a capacity 
of 5 liters; B - Tube smaller than 20cm where the patient connects the 
lips in the free part, where a disposable plastic tube is attached for the 
examination; C - Larger plastic tube, in which water circulates during 
the examination; D - Wooden stand that fixes the largest plastic tube, in 
whose ascending portion is fixed the ruler graduated in cm for reading 
of the pressure values.

To measure the inspiratory and expiratory pressures, 

the test was conducted with the following guidelines10: 

- the patient was keep in an orthostatic position; - the 

smaller plastic tube with the disposable tube was perfectly 

adapted to the patient’s mouth, to prevent air escape 

or inflow during the examination; - Next, we instructed 

the patient to breathe normally and, after maximum 

expiration, to take forced inspiration. - Hence, the water 

column descended from zero towards the ground; we 

thus obtained the inspiratory pressure at residual volume 

(IP-RV), which we measured at the point where the liquid 

column remained stable for 1 second, in the long plastic 

tube.
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If after the normal expiration, the patient 

performed a forced inspiration, we obtained the 

inspiratory pressure level at functional residual 

capacity (IP-FRC). If after normal expiration, the patient 

underwent forced expiration, the pressure obtained was 

the expiratory pressure at the functional residual capacity 

(EP-FRC). If the patient performed maximal inspiration 

and then forced expiration, the pressure obtained was 

the expiratory pressure at total lung capacity (EP-TLC). To 

measure the inspiratory pressures, we made a small hole 

(needle nº 40/12) in the smaller plastic tube, to prevent 

the patient from closing the glottis during the inspiratory 

procedure. The performance each procedure (IP-RV, IP-

FRC, EP-FRC, EP-TLC) comprised 10 repetitions, with the 

same interval between each attempt to allow the patient 

to. 

We repeated the pressure measurements until 

we obtained values that fulfilled the following criteria10: 

the efforts were theoretically perfect, that is, there were 

no leaks and the maximum pressure reached during the 

maneuver was maintained for at least one second; the 

two values obtained had, among themselves, a variation 

of, at most, 10%; the maximum value obtained was 

not the last in the series; the individual did not consider 

himself/herself capable of making a better effort.

We treated the results with the Wilcoxon’s non-

parametric test for related samples. All tests were two-

tailed. We considered a value of p<0.05 as significant.

 RESULTS

Table 1 and figures 2 and 3 show the variation 

in the median IP-FRC, IP-RV, EP-FRC and EP-TLC between 

the preoperative and late postoperative periods among 

patients with large incisional hernias

Table 2 and figure 2 bring the median IP-FRC, 

EP-FRC, IP-RV and EP-TLC variations in the same periods 

amongst patients with medium hernia incisional. We 

observed a significant increase in IP-RV, IP-FRC and EP-

TLC between the preoperative and the late postoperative 

periods in patients with large incisional hernias. In this 

type of hernia, EP-FRC did not increase significantly. In 

patients with medium incisional hernias, there were no 

significant changes between the preoperative and late 

postoperative moments (Table 2, Figures 2 and 3).

Figure 2. Inspiratory pressure at residual volume (IP-RV) in large and me-
dium hernias. Note that in large hernias (graph on the left) the increase 
in IP-RV was significant. There was no change in medium hernia cases 
(graph on the right).

Figure 3. Inspiratory pressure at functional residual capacity in the pre-
operative (IP-FRC pre LH) and late postoperative periods (IP-FRC post LH) 
of large incisional hernias (left) and in the preoperative (IP-FRC pre MH) 
and late postoperative periods IP-FRC post MH) of medium incisional 
hernias (right).

Table 1. Values of maximum respiratory pressures in the preoperative 
and late postoperative periods of patients with large incisional hernias.

    Preoperative Late Postoperative 

Minimum Maximum Median Minimum Maximum Median p-value

IP-RV 65 116 65 90 125 90 0.011

EP-FRC 30 150 93 45 160 88 0.080

IP-FRC 33 116 60 21 115 95 0.027

EP-TLC 32 160 85 52 160 120 0.003
IP-RV – Inspiratory pressure at the level of residual volume; EP-FRC – 

Expiratory pressure at the level of functional residual capacity; IP-FRC 

– Inspiratory pressure at the level of functional residual capacity; EP-TLC 

– Expiratory pressure at total lung capacity. Wilcoxon’s Test. p ≤ 0.05 – 

significant.

Table 2. Values of maximum respiratory pressures in the preoperative 
and postoperative periods of patients with medium incisional hernias.

Preoperative Late postoperative

      Minimum Maximum Median Minimum Maximum Median p-value

IP-RV 68 120 100 65 125 97 0.83

EP-FRC 55 160 104 55 160 110 0.22
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 DISCUSSION

Unlike spirometry, which analyzes lung volume 

and flows, manometry analyzes the pressure generated 

by the respiratory muscles. Theoretically, the greater 

the pressure generated by the respiratory muscles, the 

greater the lung volume and flows, as long as there is 

no respiratory obstruction or any other factor that might 

interfere in this correlation. This is a fact that needs 

scientific proof with a good level of evidence.

This study evaluated the respiratory pressures 

with a water manometer. The technical realization of 

pressure tests with it has already been described10. 

Although it looks like a rudimentary device, it is reliable 

in the measurements as long as there is no obstruction 

or leakage of the tubes. It is even used to calibrate other 

types of manometers13.

The examination on this manometer is easily 

assimilated by the patient and reproducible. Until the 

performance of this research, there were no reports on 

assessment of inspiratory pressures at residual volume 

and expiratory pressure at total lung capacity in the 

preoperative and postoperative periods of patients with 

large and medium incisional hernias.

We observed that the respiratory pressures 

assessed at different lung volumes in patients with 

large incisional hernias showed an increase from the 

preoperative to the late postoperative periods. As 

demonstrated, there was a significant improvement in 

IP-FRC, IP-RV and EP-TLC. This could be explained by 

the fact that in large incisional hernias there is greater 

distance from the abdominal muscles to the midline, and 

these muscles may even be altered by previous surgery. 

This fact hinders the action of such muscles, which start 

to generate less pressure.

After surgical correction, with the physiological 

repositioning of these muscles, they start to generate 

greater pressure, as demonstrated by the increase 

in EP-FRC (p=0.08) and EP-TLC (p=0.003) in the late 

postoperative period. The significant increase in EP-TLC 

observed in this study is in accordance with the result 

reported by Jensen et al., who observed, after 1 year 

of surgical correction of incisional hernia, a significant 

improvement in the maximum expiratory pressure14.

It is important to remember that the 

herniorrhaphy technique used in this work was proposed 

by Lázaro da Silva, one of whose advantages is the 

restoration of the linea alba10,12, which is associated with 

improved abdominal wall function. The analysis of the 

function of the rectus muscle with the dynamometer 

showed a significant improvement in isokinetic and 

isometric measurements, all of which were associated 

with improved quality of life15.

We should note that in large incisional 

hernias, there is also a lowering of the diaphragm and a 

decrease in the area of apposition of this muscle, which 

prevents it from exercising its normal action10. Similarly, 

in large incisional hernias, there have been reports 

of diaphragmatic dysfunction, proven by abdominal 

ultrasound, which improves with abdominal bandaging 

and the consequent reinstatement of the visceral content 

to the abdominal cavity16. With surgery, the repositioned 

diaphragm starts to exert greater inspiratory force, which 

we observed in this study with the significant increase 

in IP-FRC and IP-RV. Considering the diaphragm as the 

primary muscle of inspiration, it was not surprising that 

the IP-RV and IP-FRC were low in patients with incisional 

hernia, increasing after surgical correction. 

In this work, the respiratory pressures assessed 

in patients with medium incisional hernias did not display 

significant variations. This can be verified by the non-

alteration of the IP-RV, EP-FRC, IP-FRC and EP-TLC from 

the preoperative to the late postoperative periods. It 

is thought that in middle incisional hernias there is no 

significant subversion of the anatomy of the inspiration 

and exhalation muscles. Thus, the respiratory pressure 

generated by these muscles does not drop as much in 

patients with medium hernias, and the increase in these 

pressures after surgery would not be as pronounced as 

in large incisional hernias. This seems to explain why the 

variation in such pressures was not significant.

It is important to remember that surgical 

IP-FRC 55 102 79 45 125 100 0.09

EP-TLC 84 170 125 70 170 125 0.60
IP-RV – Inspiratory pressure at the level of residual volume; EP-FRC – 

Expiratory pressure at the level of functional residual capacity; IP-FRC 

– Inspiratory pressure at the level of functional residual capacity; EP-TLC 

– Expiratory pressure at total lung capacity. Wilcoxon’s Test. p ≤ 0.05 – 

significant.



5

Rev Col Bras Cir 47:e20202430

Paulo
Maximum inspiratory and expiratory pressures in the pre and postoperative periods of patients with incisional abdominal hernia corrected by Lázaro da Silva technique

correction with improved breathing muscle function also 

improves respiratory function in terms of ventilation. This 

could prevent lung diseases due to poor lung ventilation.

This study has limitations. Among these, we 

can mention the limited sample. To circumvent this issue, 

we used a non-parametric test for small samples. Despite 

this limitation, the variations in respiratory pressures in 

patients with large hernias were significant. Studies 

with larger samples could confirm the results. A second 

limitation was the use of the water manometer, criticized 

by some surgeons for being a rustic, not usually used, 

device, but it provides reliable results, as noted. The third 

limitation is that the postoperative assessment in the 

other studies was performed after 30 days. In this study, 

we carried out the examinations at least 40 days and 

at most 90 days after herniorrhaphy. This difference in 

examination time could bias results, since the recovery of 

the abdominal wall could vary between 40 and 90 days. 

A final question is whether the results of this study persist 

in the long term, and which variables may interfere with 

them.

 CONCLUSION

Surgical correction of large incisional hernias 

improves the function of breathing muscles. However, 

surgery for medium incisional hernia does not alter this 

function.
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