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Pulmonary function assessment
in children and teenagers before and after
surgical treatment for rheumatic valve disease
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Abstract

Objective: To assess pulmonary function in children and adolescents subjected to correction of rheumatic valve
disease in order to quantify changes caused by factors inherent to surgery and rheumatic heart disease.

Methods: This was a longitudinal and quantitative intervention study, undertaken at a children’s hospital that
is a center of excellence for the state of Pernambuco (Instituto Materno Infantil de Pernambuco), between December
2004 and May 2005. Eighteen children suffering from rheumatic fever and indicated for surgery to repair or replace
the mitral valve were assessed preoperatively and again on the first and fifth postoperative days. The parameters
recorded were minute volume, rapid shallow breathing index, peak expiratory flow, forced vital capacity and
inspiratory capacity.

Results: All patients were aged 8 to 17 years (mean 12.4+2.1), they had a mean body mass index of 16.1+2.2,
and were weaned off invasive mechanical ventilation during the first 10 postoperative hours. All parameters had
undergone significant deterioration on the first day (statistically significant, p < 0.01), demonstrating gradual
improvement up to the last day of assessment, although, with the exception of minute volume which was no longer

significantly different from the fourth day onwards (p > 0.01), without returning to baseline levels.

Conclusion: We observed that the pulmonary dysfunction that results from this type of heart surgery is
maintained until at least the fifth postoperative day. It appears that this dysfunction is influenced by the pain and
mechanical alterations caused by sternotomy and reduced pulmonary compliance post surgery.
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Introduction

Rheumatic fever is a multisystemic inflammatory
disease that afflicts the child and juvenile population,?
and, despite a reduction in its incidence, it is still very
common in developing countries.2:3
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Some of the most frequently affected systems are the
cardiovascular, the musculoskeletal and the nervous
systems.24 Cardiovascular involvement, in the form of
endocarditis or valve failure, is currently the condition
most linked with increased morbidity and mortality in this
population2:3 and is the most severe complication of
rheumatic fever, with consequent onset of chronic heart
valve disease.5

Although there has recently been a reduction in the
severity and frequency of rheumatic heart disease in
children due to technical advances,® significant numbers
of young patients continue to suffer valve damage
secondary to rheumatic fever,%7 with the mitral valve
being the most often affected by this heart disease.24/8

A compromised respiratory system is also a very
common characteristic of systemic rheumatic diseases,
causing pulmonary abnormalities in approximately 74%
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of the patients affected.8 The most common pathological
findings are interstitial fibrosis, followed by restrictive or
obstructive pulmonary disorders.8:9 Fortunately, there
are reports showing that, despite the frequency of
pulmonary function (PF) involvement and its early onset
in children with rheumatic fever, the pulmonary
abnormalities observed are normally stable, with little or
no progressionl® and are not normally manifested in
severe presentations.9

Furthermore, systemic rheumatic disease alters the
structure of the lungs, thus compromising their function.
Several different studies have reported that heart surgery
is also an additional factor compromising lung function.
Respiratory system function is undoubtedly affected during
and after surgery,!! due to the pain caused by incisions
and the myriad physiological changes caused by the
operation.12

It is for these reasons that PF may be measured when
children are assessed prior to major surgery, in order to
quantify the severity of a disease that has already been
diagnosed (pulmonary or cardiac), in addition to assessing
the risks of surgery, such as, for example, sternotomy.13,14
This quantitative analysis, if performed early, can allow
clinical interventions before irreversible lung damage sets
in, thus making it possible to reduce early morbidity and
mortality,15 since, when rapid changes in PF take place in
these patients, they are intimately related with reduced
survival.16,17

Evidence does exist, albeit little publicized or
disseminated, that PF is severely compromised after
surgical correction of rheumatic valve disease in children,
and that this is directly related to the type of surgical
incision, to the degree of cardiopulmonary impairment
resulting from surgery and to the rheumatic heart
disease itself.

The objective of this study was therefore to evaluate
the PF of children and adolescents before and after
surgical correction of rheumatic valve disease, in order to
quantify changes caused by factors inherent to surgery
and rheumatic heart disease to the following respiratory
parameters: minute volume, peak expiratory flow,
inspiratory capacity and forced vital capacity.

Materials and methods
Sample

This study was carried out in the Cardiology Ward at
the Instituto Materno-Infantil de Pernambuco (IMIP)
between December 2004 and May 2005. Children and
adolescents of both sexes aged 8 to 17 years and suffering
from mitral valve failure as a result of rheumatic heart
disease were enrolled if they underwent surgical correction
for valve disease during the study period.
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Patients were excluded if they: (I) exhibited cognitive
or neurological deficit (demonstrated by an inability to
understand the instructions for the PF tests); (II) developed
hemodynamic instability (identified by fever, significant
changes in arterial pressure or heart rate and severe
hypoxemia); (III) were put on continuous oxygen therapy;
(IV) had presented with a previous history of lung disease
(such as asthma, bronchitis or pneumonia); (V) were
under the effect of a sedative or in a reduced level of
consciousness; (VI) exhibited severe pulmonary
hypertension due to rheumatic heart disease (defined as
pulmonary wedge pressure > 45 mmHg); or (VII) they
could not be assessed because consent was not
forthcoming.

Study design

This was a quantitative study with a longitudinal design
assessing pulmonary function the day before surgery, and
from the first to fifth postoperative days (POD).

The surgical procedures employed were mitral valve
repair or replacement, as developed by Carpentier.18 The
two procedures are very similarin terms of their dimensions
and their risks and therefore the postoperative care
required and possible complications are the same.
Mediastinal drainage was used postoperatively with all
children and lasted around 24 hours.

All patients were put on extracorporeal circulation and,
for this reason, were given anticoagulants during the
operation (heparin 4 mg/kg). During the postoperative
period, however, only those patients who had been fitted
with mechanical valves required continued anticoagulation
with warfarin (5 mg/kg).

In accordance with the protocol in force at our service,
oral midazolam (0.5 mg/kg dose) was used for pre-
anesthesia, induction was with fentanyl (10-20 pg/kg
dose), propofol (2-3 mg/kg dose) and atracurium
(0.5 mg/kg) and anesthesia was maintained thereafter
with isoflurane.

Analgesia was maintained unchanged throughout the
postoperative period, up until discharge from the intensive
care unit, with all patients being given morphine
(0.1 mg/kg) every 4 hours. The majority of patients were
discharged from the ICU after 48 hours.

All patients were assessed bedside (45th Fowler
position) and three measurements were taken for each
parameter with the highest value being recorded. The
preoperative assessment was an exception to this rule,
since patients were given four attempts at each test to
allow them the chance to learn how to perform each one
in response to the examiner’s verbal instructions.

The parameters analyzed were: (1) peak expiratory
flow (PEF); (2) minute volume (VE); (3) forced vital
capacity (FVC); (4) inspiratory capacity (IC). Peak
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expiratory flow was measured with a Boehringer
Ingelheim® pediatric peak flow meter and VE, FVC and IC
were measured with an Ohmeda Respirometer® 5420
digital volume monitor set to pediatric mode. All parameters
were evaluated by the same examiner throughout the
study.

Data such as weight, height, body mass index (BMI),
time on extracorporeal circulation (ECC), pulmonary
capillary wedge pressure, respiratory auscultation findings,
time intubated and postoperative complications, were
recorded for all patients (transcribed directly from their
medical records) on a data collection form.

None of the patients received any type of physiotherapy
during their hospital stay.

Protocol for pulmonary function assessment

Peak expiratory flow was measured by requesting the
patient to breath in as far as possible and then perform a
forced expiration into the peak flow circuit mouthpiece.

VE was measured using a silicon pediatric facemask
coupled to the digital volume monitor (Ohmeda
Respirometer® 5420). The mask was adapted to the
patient’s face, who was requested to breath naturally. VE
was then calculated after the parameters tidal volume
(VT) and respiratory rate (RR) had been obtained, VT
converted to liters and the two factors multiplied. The
equipment automatically records VT (in ml) and RR for
every expiration. The digital volume monitor is extremely
sensitivity and so before recording data the examiner
allowed the machine 15 seconds to adapt itself to each
patient’s respiration. After this pause, every VT value was
observed for the next 15 seconds and the largest volume
was recorded together with its corresponding RR figure.

Rapid shallow breathing index (RSBI) was calculated
from the VT and RR values recorded in the previous
evaluation, dividing RR by VT in liters.

Forced vital capacity was also measured using the
digital volume monitor by requesting the patient to breath
in to the maximum and then perform a forced maximum
expiration in the facial mask. The monitor automatically
records the maximum FVC (in ml) at the end of the
maneuver.

The monitor’s reverse flow facility was then used to
measure inspiratory capacity. In this mode the sensor is
changed over and the monitor tests inspiratory flow. Once
the monitor had been adjusted the patient was requested
to breath in to the maximum having completed an expiration
at rest (residual functional capacity) into the circuit via the
facemask. The monitor automatically records IC (in ml) at
the end of the maneuver.

Each postoperative assessment took approximately
20 minutes and the preoperative assessments took ten
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minutes longer because the patients had to learn how to
perform the tests. There was no fixed time of day for
assessments, but the mealtimes and the subsequent hour
were excluded to avoid episodes of gastroesophageal
reflux and increased discomfort.

All participants were assessed prior to surgery and on
postoperative days 1, 2, 3, 4 and 5.

Statistical analysis

Data analysis employed descriptive statistical
techniques to investigate the study sample, by means of
calculating the frequency distributions of some of the
variables collected and representing them graphically and
by calculating descriptive measurements such as mean,
minimum, maximum and standard deviation. The Wilcoxon
test was used for comparative analysis of variables
measured on 1st through POD 5 with their preoperative
levels. All conclusions were based on a significance level
of 1% (p < 0.01).

Excel 2000 and SPSS version 8.0 were used for these
procedures.

Ethical and legal considerations

The study was approved by the Committee for Ethics
and Research on Humans at our institution (IMIP) and
formal consent was requested and obtained in advance
from the parents or guardians of each child, in the form of
a signed Free and Informed Consent Form.

Results

The sample comprised 18 individuals, 55.6% (n = 10)
of whom were female and 44.4% (n = 8) male. Eleven of
them underwent mitral valve replacement and seven
valve repair. Their mean age was 12.4%2.1 years, ranging
from 8 to 17 years, their mean weight was 34.7+7.9 kg
and mean height was 146+11 cm. Mean BMI was
16.1+£2.2 kg/cm? and the entire sample was in the
underweight range (BMI < 18.5 kg/cm?) with the single
exception of a child whose BMI was 19.84 kg/cm2. Mean
time on ECC was 63+17 minutes and mean time intubated
was 7.0£1.6 hours. All patients were weaned off invasive
mechanical ventilation within 10 hours of surgery.

Figures 1 through 4 present the comparative analysis
for VE, PEF, FVC and IC, for the 1st to POD 5 with respect
of their preoperative baseline values.

We can observe in Figure 1 that, in average terms,
there was a significant postoperative reduction in VE on
the POD 1, which then exhibited an accentuated rate of
increase up to the POD 4 from which point on it reached
levels statistically indistinguishable from the baseline
value. We can also observe that, in average terms, after
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surgery PEF was significantly reduced on the POD 1 and
exhibited a gradual increase up to the POD 5 by which
point it had not yet reached levels statistically equal to the
baseline figure (Figure 2). The same behavior can be
observed for FVC and IC (Figures 3 and 4).

Table 1 lists the mean percentage reductions from
baseline values for PEF, FVC and IC on PODs 1 through 5.

Discussion

Several different studies demonstrated the potential
of cardiac surgery to compromise PF,19-23 although
such studies are scarce for the pediatric population.24-26
To the extent of our knowledge, this is the only study to
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POD = postoperative day; VE = minute volume.

Figure 1 - Behaviorof VE from preoperative day 1 to postoperative
day 5
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Figure 2 - Behavior of PEF from preoperative day 1 to
postoperative day 5
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have monitored the daily progress of PF over the first
few postoperative days and compared it to preoperative
baseline values. Some previous studies of both adults
and children have assessed PF before,?! during or
immediately after,24 or some days or months after such
surgery.22:26

The results of this study have demonstrated that all PF
parameters remained significantly deteriorated until at
least 5 days after surgery, with the exception of VE, which
had returned to levels comparable with baseline levels
from POD 4 onwards. Some other studies have also
demonstrated varying degrees of pulmonary dysfunction
over the short term after heart surgery, although the age
groups involved were different.23.24
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Figure 3 - Behavior of FVC from preoperative day 1 to
postoperative day 5
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Table 1 - Mean percentage postoperative reductions from baseline preoperative values for PEF, FVCand ICin 8to 17

year-old mitral valve surgery patients (IMIP, 2004-2005)

PEF FvVC IC
Mean SD p Mean SD p Mean SD ]

(1/min) (ml) (ml)
POD 1 121 7.67 < 0.001 * 703.22 86.61 < 0.001 * 400.84 49.79 < 0.001 *
POD 2 113 14.91 < 0.001 * 583.44 78.94 < 0.001 * 321.67 56.29 < 0.001 *
POD 3 87 30.10 < 0.001 * 461.22 102.81 < 0.001* 240.95 51.88 < 0.001 *
POD 4 58 41.89 < 0.001 * 317.5 180.83 < 0.001 * 152.51 135.62 < 0.001 *
POD 5 40 48.53 < 0.001 *  243.27 201.80 < 0.001* 101.34 168.87 < 0.001 *

FVC =forced vital capacity; IC = inspiratory capacity; IMIP = Instituto Materno-Infantil de Pernambuco; PEF = peak expiratory flow; POD =

postoperative day; SD = standard deviation.
* pvalue, Wilcoxon test.

Onthefirst day after surgery a sudden and significant
drop in mean VE was observed and this was maintained
until postoperative day three. However, RR was observed
to have quickened considerably compared with baseline.
Since VE is the mathematical product of RR and VT, it
was therefore concluded that this deterioration in VE
was the result of a significant drop in VT. This data also
allows us to calculate the RSBI, which is the quotient of
RR by VT (in liters), which were greatly increased
immediately after surgery and proceeded to fall as the
days passed. Although there are no reports of the
behavior of VE and RSBI after chest surgeries, these
results demonstrate that there were significant alterations
to both parameters.

The behavior of PEF, FVC and IC was similar, all were
significantly reduced on POD 1. Some studies have
demonstrated variable behavior on these parameters
after heart surgery. Shenkman et al.22 assessed the
effects of elective heart surgery (including valve
replacement) on PF over the short (3 weeks) and long
term (3.5 months) in 50 adult patients. In agreement with
our results, these authors concluded that FVC and PEF,
among other parameters that were analyzed, were
significantly reduced after surgery, and, although the
exhibited discrete increases over time, were still affected
an average of 3.5 months after surgery. Similarly, a
further two studies also assessed FVC after heart surgery,
concluding that FVC was significantly reduced until POD
723 and 8,20 when compared with preoperative levels.

The only two studies we found of children that described
the behavior of PF after heart surgery reported highly
contradictory results. McGowan et al.2% assessed PF during
the immediate postoperative period of bypass surgery on

12 children. Their findings demonstrate a significant
reduction on FVC and IC, in agreement with our results. In
contrast, Sulc et al.26 observed that FVC and PEF did not
exhibit significant differences from preoperative levels
after evaluating 24 children before and after surgical
correction of congenital heart disease. Nevertheless, the
only postoperative assessment they made was after a
mean period of 1.7 years, in addition to the sample being
made up of children with simple heart disease (atrial
septal defect), which was not the case in our study.

Much research has attempted to explain the causes of
pulmonary dysfunction subsequent to chest surgery, but
the factors responsible still need clarification. Sternotomy
is one factor that could possibly be related to postoperative
PF deterioration. Some authors attribute the effect to the
pain caused by these procedures. Candaele et al.2?
assessed pain levels and PF (FVC and VEF,) in 31 adult
aortic valve replacement patients. The authors divided
their sample into two groups and compared pain and PF
with conventional sternotomy with those resulting from an
alternative sternotomy, concluding that FVC was reduced
in 61 and 55%, respectively, and that these reductions
were still presentin 17% one month after surgery, in both
groups. Others have, however, attributed the weakened
PF to changes in breathing patterns caused by sternotomy.
Ragnarsdéttir et al.23 reported that the most important
finding in their study was the observation that the
respiratory patterns of their 20 patients had changed from
predominantly abdominal (before surgery via sternotomy)
to predominantly thoracic (after surgery), which was
intimately related to the drop in PF. They also report that
this was a reflection of the reduced abdominal and thoracic
wall movement after sternotomy.
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One further possible factor that could be associated
with compromised PF is the reduction in pulmonary
compliance that takes place after cardiac surgery. Durand
et al.,2! observed a drop of approximately 30% in VC on
POD 1, compared with preoperative levels. They also
observed that CV increased gradually over the first week
and that the reduction in CV was linked with increased
respiratory work due to reduced pulmonary compliance,
which would then improve as pulmonary mechanics
gradually recover.

Factors like time on ECC and intubation are variables
that could also be related to the pulmonary dysfunction we
found. In the present study time on ECC did not exhibit any
relationship with postoperative pulmonary dysfunction.
Braun et al.,19 studied adult bypass surgery patients and
also failed to find a link between pulmonary dysfunction
and time on ECC.

Only the study by Macguire et al.28 confirmed whether
the length of time children were intubated had an influence
on PF. Furthermore, they concluded that whether children
were extubated in the theatre, soon after arriving at the
ICU or later on in ICU did not have an influence on the PF
of their study population. We observe that the small
variations in ECC and intubation times in our sample were
not large enough to affect results.

We therefore conclude that pulmonary dysfunction
occurs after open heart surgery in children suffering from
rheumatic heart disease. Pulmonary function is significantly
reduced on POD 1 and continues weakened up to POD 5
and does not regain preoperative levels after this length
of time. This dysfunction does not appear to be influenced
by factors such as the length of time in theatre and on
invasive mechanical ventilation (time on ECC and time
intubated), but appears to be caused by the pain and
mechanical alterations suffered as a result of the surgical
incision (sternotomy) and by reduced postoperative
pulmonary compliance.

This study has certain limitations, such as a limited
sample size and the impossibility of monitoring the children
for longer because many of them had been referred from
other cities and returned after hospital discharge.

Another limiting factor is the absence of a control
group made up of individuals from the same age group and
with the same severity of mitral damage, but without
undergoing valve repair. Nevertheless, even without such
a group, we can attribute the changes observed to the
surgical intervention.

We therefore suggest that this study be extended
with a larger sample and with the addition of
physiotherapy during the postoperative period in order
to investigate the impact of these interventions on
pulmonary dysfunction in these children.
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