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Postoperative Evaluation of Funnel Chest

— The role of radiologic indices —

T.J. Yun, M.D.", S.W. Sung, M.D.", K.B. Kim, M.D.", J.H. Kim, M.D."

~ Abstract —

There are many objective indices of operative outcome of funnel chest, but there has
been only a few report about the postoperative change of these indices and which is best
correlated with subjective outcome. From January 1989 to December 1991, 74 patients with
funnel chest underwent Ravitch operation and radiologic evaluation was performed on the
twenty patients whose operative outcome were satisfactory by Humphreys' criteria and
postoperative chest x—ray were available. Variable radiologic chest idices such as def-
ormity grade (DG), lower vertebral index (LVI), upper vertebral index (UVI) and con-
figuration index (CI) were measured preoperatively and 1, 6, 12 and 18 months pos-
toperatively. The mean value of preoperative DG, LVI, UVI and CI were 5.32, 0.3, 0.26
and 1.01 respectively, and postoperative chages were as follows : DG ; 3.13, 3.66, 3,72, 4.0,
LVI :0.22, 0,24, 0.25, 0.25 UVI :0.27, 0.27, 0.27, 0.27 CI ;0.69, 0.77, 0.76, 0.79. The inc-
rements of CI were within the 90 percent confidence limit of normogram in most cases, but
it was not true for LVI and UVI, And the differences between the observed and expected
values of Cl did not change significantly through the postoperative periods, which was not
the case in LVI., We concluded from these results that 1) DG, LVI and CI were increased
slowly during the postoperative follow up periods but the increments of ClI were usually
within the normal limits and so 2) CI can be used as a objective index of satisfactory out-

come.

There are many indices for the assessment of

the severity of the funnel chest ; vertebral ind-

ices!, deformity grade and Welch index®, pectus
index using computerized tomography’, funnel
chest index by external chest wall measurement?,
Moire phototopography'® and so forth. But the
lack of standardized method of measuring and rec-
ording the severity of the deformity make it dif-
ficult to evaluate postoperative outcome as well as
preoperative assessment. Although Humphreys
classification has been widely accepted and used,

it is not objective but subjective index and bod-
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erline cases may ensue : satisfactory or not. We
should have objective index above certain level of
which we can say the operative outcome is sat-
isfactory, which is easily measurable without spe-
cial equipments, and which i1s well correlated with
subjective outcome. We selected some patients of
satisfactory subjective outcome and measured
depression ratio (DR), deformity grade (DG),
Welch index (WI), lower vertebral index (LVI),
upper vertebral index (UVI) and configuration
index (Cl) before and 1,6,12,18 months after ope-
ration, and compare the observed values of LVI,
UVI and CI with the normogram in function of
age taken from 250 healthy persons!. If there is
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no significant difference between the observed
and expected values, we can use the normogram
as a objective index for the satisfactory operative

outcome,

Patients and methods

From January 1989 to December 1991, 74 pat-
ients of funnel chest deformity, 55 males and 19
females, underwent Ravitch operation. Twenty
patients, 13 male and 7 female, were selected from
these patients according to the following criteria ;
1) optimal age for operation (3 to 9 years old)z*
2) symmetric deformity and no vertebral or other
associated anomaly 3) satisfactory subjective out-
come on Humphreys classification and no pos-
toperative complication 4) serial postoperative
chest x—ray films available. Their mean age was
53 months, ranging from 24 to 107 months, and
operative outcomes were all satisfactory (exc-
ellent ; 11, good ; 9).
above mentioned (Figure 1,2) were measured bef-

Various radiologic indices

ore and 1,6,12 and 18 months after operation and
compared with the normal values calculated from
following functions taken from 250 healthy persons
(Figure 3,4,5) :

LVI=0.193(1-0.036x e~0%* x 2°) +(,038

UVI=0.192+0.038

CI=0.7004+0.0091 X age +£0.105

(The range designates 90% confidence limits)

The increased value of the UVI or LVI means a
narrowing of the chest at that level, and an inc-
reased value of the CI implies that the narrowing
is more pronounced at the lower end of the chest,

and vice versa.

Humphreys classification” ; Results were ter-
med “excellent” when there was no depression or
obvious scar, and the symptoms, if any, had gone.
When there was some residual or recurrent sternal
depression or if the scar was bothersome, but in
general the patient and family were satisfied, the

result termed “good.” Taken together, excellent

Depression Ratio (DR) = Dz/ D1
Deformity Grade (DG) = (1—DR) x 10
Welch index = DG + ...
0.5 if Rib Angle (8) > 25°
and /or
0.5 if Cardiothoracic
Ratio ) 50%

Fig. 1. Measurement of Deformity Ratio(DR),
Deformity Grade (DG) Welch Index(WI)

UVI (Upper vertebral index) = EF /DF
LVI (lower vertebral index) = BC /AC
CI (Configuration index) = DE /AB
Fig. 2. Measurement of Lower Vertebral Index
(LVI), Upper Vertebral Index(UVI) Con-
figuration Index(CI)
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Fig. 5. Normogram of Configuration Index in fun-
ction of age(years)

and good results were considered “satisfactory.”
In patients with unsightly scar, severe depression
or asymmetry, but whose sternum was in better
position than' preoperative status, the result was
termed “fair”, If the reoperation should be con-
sidered, the result was termed “poor”. Fair and

poor result were considered “unsatisfactory.”

Statistical analysis : Mean with standard error
were calculated. The percentage of patients whose
indices (LVI, UVI, CI) were within the 90% con-
fidence limit of normal values were also presented.
Paired t test was performed between the dif-
ference in observed and expected values of one
period and that of another. The results were con-
sidered to be statistically significant if p values
were less tan 0.05. SAS (Strategic application sof-
tware) program was used for the statistical ana-

lysis.

Results

The changes of mean values of DR, DG and WI
with their standard error are presented in figure 6,
7,8. The mean preoperative values are .47, 5.32
and 5.58 respectively and the postoperative cha-
nges are as follows ;: DR ; 0.69, 0.63, 0.62, 0.60, DG
»3.12, 3.70, 3.75, 4.00 WI ; 3.84, 3.86, 3.95, 4.18.
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Fig. 6. Postoperative Deformity Ratio with Sta-
ndard error
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Fig. 7. Postoperative Deformity Grade with sta-
ndard error
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Fig. 8. Postoperative Welch Index with standard
error
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Fig. 9. Observed and expected values of lower
vertebral index
series 1 ; expected LVI
series 2 ; observed LVI with standard error

The observed LVI, UVI, CI with standard error
and comparison between observed and expected
values of LVI, UVI and CI are presented in figure
9, 10, 11. The mean preoperative values are (.30,
0.26, 1.01 respectively and the postoperative cha-
nges are as follows ; LVI :0.22, 0.24, 0.25, 0.25,
UVI :0.26, 0.27, 0.27, 0.27, 0.27. CI ; 0.69, 0.77, O.
76, 0.79. As the figures show, DG, WI, LVI and
CI incresed slcwly in the postoperative periods
while DR decresed and UVI had no change. The
mean values of observed LVI and CI were higher
than their expected values, and the proportion of
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Fig. 10. Observed and and expected values of UVI
series 1 ; expected UVI
series 2 ; Observed UVI with standard error
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Fig. 11. Observed and expected values of con-
figuration index
series 1 : expected CI
series 2 ; observed CI with standard error
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Table 1. Proportion of patients whose observed LVI, UVI and Cl were within the 90% confidence limits

of normal values

Preop Postop Im Postop 6m Postop 12m Postop 18m
LVI1 0% 42% 35% 8% 0%
Uuvl 15% 15% 15% 30% 13%
CI 16% 89% 80% 85% 88%

patients whose observed LVI, UVI and CI were
within the 90% confidence limits of normal values
are in table 1. As the table indicates, most of obs-
erved CI were within the 90% confidence limits of
normal values in postoperative periods while only
a part of observed LVI and UVI were within that
limits. The results of paired t test between the
difference in observed and expected values of one
period and that of another are presented in table
2. The increments of observed CI in postoperative
periods were not significantly larger than those of
expected CI, that was not true in the case of LVI.

Table 2. mean, SD(standard deviation) and p val-
ues of paired t test for differences of obs-
erved and expected values. O means pre-
operative and 1, 6, 12, 18 mean pos-
toperative 1, 6, 12 and 18 months res-

pectively,

Mean SD p value
CI(0, 1) 0.267 0.177 0.0001
CI(1, 6) 0.019 0.150 0.5711
CI(1, 12) 0.023 0.124 0.5012
CI(1, 18) 0.013 0.217 0.8619
LVI(1, 6) 0.081 0.058 0.0001
LVI(}1, 6) 0.017 0.029 0.0178
LVI(1, 12) 0.018 0.022 0.0103
LVI(1, 18) 0.024 0.040 0.1256

Discussion

There are many indices for the assessment of
the severity of funnel chest ; vertebral indices?,
deformity grade and Welch index®, pectus index
using computerized tomography™®, funnel chest

index by external chest wall measurement®, Moire

phototopography!® and so forth. But the lack of
standardized method of measuring and recording
the severity of the deformity make it difficult to
evaluate data concerning postoperative outcome
as well as preoperative evaluation., Although Hum-
phreys classification has been widely accepted and
used, it is not objective but subjective index and
borderline cases may ensue ; satisfactory or not.
We should have objective index above certain lev-
el of which we can say the operative outcome is
satisfactory, which is easily measurable without
special equipments, and which is well correlated
with subjective outcome. We can measure various
indices very accurately using computerized tom-
ography, and these indices can also be used as a
effective tools for postoperative evaluation. But
we think it is unwise to perform CT scan serially
in postoperative periods for all postoperative pat-
ients if we consider cost —benefit relation, So we
chose deformity grade and vertebral indices pro-
posed by Welch and Derveaux respectively bec-
ause they could be conviniently measured from
lateral chest film and normograms were availabe
in the latter. Deformity grade and Welch index
have similar meanings to configuration index but
there are two weak points on application ; 1) The
lack of normogram and 2) I[nappropriate con-
sideration of 5th rib inclination and cardiothoracic
ratio in Welch index. The 5th rib inclinations were
not corrected, or lowered, even if the sternum
were fully elevated in most cases, and car-
diothoracic ratio of immediate postoperative per-
iods were usually more than 50%, which may fal-
sely elevate the score. Upper vetebral index is

usually higher than normal in funnel chest and
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remains unchanged postoperatively because ste-
rnal elevation is performed below the level of ste-
rnomanubrial junction where the UVI is measured,
so UVI is considered to be inappropriate for pos-
toperative follow—up.

LVI and CI normally increase in function of age
and the rate of increment is greatest between the
age of 1 to 10 years, where most corrective ope-
rations for funnel chest are performed. So the suc-
cessive postoperative data can be misinterpreted
as worsening or recurrence of depression if normal
developmental pattern is not considered. If the
correction is complete, the postoperative LLVI and
CIl should be within normal limits of each nor-
mogram ; which was true for CI but not for LVI,
The implication of the deviation of observed LVI
from normogram is unclear, but it is reasonable if
we consider the fact that correction of the def-
ormity is not getting the normal distance between
xyphoid to prevertebral area, and normal LVI, but
getting appropriate distance proportional to the
distance between retrosternal to prevertebral area,
which is usually shorter than normal in funnel che-
st,

In conclusion, normogram of configuration index
can be used as a guideline for satisfactory ope-
rative outcome, and other radiologic indices can
also be used if normogram is available and cor-

relation to subjective outcome is approved.
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