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Abstract Introduction Despite a significant advancement in operative techniques of occipito-
cervical fixation, there is a poor postoperative patient outcome. This can be attributed
to restrictive lung pattern in craniovertebral junction anomalies (CVJAs) patients
resulting from repeated trauma to cervicomedullary junction by the pincer action of
the bony anomalies and compression of the brainstem. We evaluate the changes in
pulmonary function tests (PFTs) following rigid occipitocervical fixation in CVJA.
Methods PFTs of 20 CVJA patients were measured pre and postoperatively using
spirometry. Measurements included forced vital capacity (FVC), forced expiratory
volume in one second (FEV1), maximum forced mid-expiratory flow rate (FEF25-75%),
and ratio of FEV1 and FVC (FEV1%). The parameters were compared with the predicted
normal values based on their age and sex. PFTs were repeated on the seventh postop-
erative day. McCormick grading was used to assess neurological function.

Results The values of PFTs in the preoperative period were significantly lower than
predicted normal values. The mean values of FVC, FEV1, FEF25-75% were 72, 68, and
71% of their mean predicted values, with FEV1% in the range of 70 to 95% with a
mean of 81.4%. Postoperatively there was further significant reduction in the mean

Keywords values of FVC, FEV1, FEF25-75%, and FEV1% compared with the preoperative values.
= craniovertebral junc- There was neurological improvement in McCormick grades of patients postoperatively
tion anomalies (from grade Il and IV to grade II).
= rigid occipitocervical Conclusion A significant restrictive lung disease is present in patients of CVJA,
fixation even though not clinically apparent, and it persists in the early postoperative period.
= pulmonary function However, a long-term follow-up is required to assess whether pulmonary function
test parameters improve subsequently.
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Introduction

The craniovertebral junction (CV]) is a transition site between
mobile cranium and relatively rigid spinal column. It is
also the site of the medullo-spinal junction. CV] anomalies
are defects of development, not necessarily congenital, and
may not manifest at birth. The occipitocervical joint consists
of the occiput, atlas, and axis and contributes to more than
50% of the rotation and flexion-extension of the head and
neck.! A wide variety of abnormalities affect the occipito-
cervical junction causing instability of joint, which finally
leads to neural compression and craniospinal instability.>®
Occipitocervical fixation has undergone significant evo-
lution due to advances in operative and instrumentation
techniques. C1-C2 screw fixation had biomechanically been
demonstrated to be superior in providing immediate rigid-
ity and eliminating the need for external immobilization
when compared with other methods, leading to higher rates
of fusion; the method was the “gold standard” for occipital
fixation.® But the specific anatomical constraints caused by
congenital abnormalities, such as a high-riding transverse
foramen, small or narrow pedicles of C2, and dysplasia of the
C1 lateral mass, may preclude placement of the screws,'® and
there was a risk of dural, neural, or vertebral artery injury
from errant screw placement.!®!! Occipitocervical fixation
procedure has evolved from simple autograft on-lay fusion
techniques to sublaminar wiring techniques and, most
recently, rigid occipital plating with screws connected via
rods to atlantoaxial or subaxial screw fixation.>®1%'7 The
majority of occipitocervical lesions are anterior and antero-
lateral. Posterior surgical decompression remains invaluable
for the treatment of these lesions (in select cases), as well as
the posteriorly situated lesions.

Reduction surgery and internal fixation are chosen
when positioning or traction alone is adequate for the
realigning of the column, but irreducible deformities
need additional decompressive surgery using an anterior/
transoral or posterior approach depending on the site of
compression.”'®19 QOccipitoatlantoaxial instability due to
rheumatoid arthritis (RA), trauma, neoplasms, dens dys-
plasia or os odontoideum, Down syndrome,>$1218 and
occasionally a prior failed attempt at C1-C2 fusion or a
complex cervical deformity,’* are the commonest indica-
tions for occipitocervical fusions. Occipitocervical fixation
is a challenging field in spinal surgery. Many authors report
excellent results from occipitocervical fixation by using
various internal fixation implants. The recent development
of image guidance systems has increased the percentage of
successful screw insertions and decreased risk of compli-
cations associated with screw malposition.2®?! According
to meta-analysis, the rate of penetration of the pedicle
cortex by an inserted screw without the use of navigation
was almost 10%, and with the use of spinal navigation, the
rate of screw misplacement improved considerably.?? In
one series, the combination of intraoperative computed
tomography (CT) and neuronavigation provided the choice
of suited lateral mass or pedicle. It improved the accuracy
of screw placement and avoided the risk of dural, neural, or

vertebral artery injury. The overall accuracy of screw place-
ment was 98.1%. No major complications occurred in any
of the patients. As some pedicles of C2 were narrow, the
C3 or C4 screw fixation could provide superior immediate
postoperative stability. No patient was detected with the
penetration of the occipital cortex by an inserted screw.
Another advantage of this technique was rigid stability.
Rigid stability increased osseous fusion rate. All the patients
in the series got osseous fusion in the follow-up. Moreover,
categorizing patients according to McCormick functional
scale is useful to assess operative outcomes in preoperative
period. The scale provides a practical means of compar-
ing pre- and postoperative neurological condition. Eleven
patients (92%) were improved by at least one McCormick
grade, whereas the grade did not change in one patient
(8%) in the series.?? Although the indications for simulta-
neous decompression and fixation in patients with basilar
invagination associated with Chiari malformation are con-
troversial,? in a study, the authors found that rigid internal
fixation of the occipitocervical complex was safe, effective,
and technically possible for spine surgeons familiar with
occipital bone anatomy and lateral mass fixation. In another
study, the authors described a revised surgical technique
with intraoperative CT navigation system for the treatment
of craniocervical junction malformation associated with
inappropriate excessive posterior fossa decompression.?

The patients of CV] anomalies have impaired pulmonary
functions. This often results in poor outcome despite good
surgery. Respiratory dysfunctions in such anomalies occur
probably due to compression of the brainstem, affecting the
respiratory center and weakening the respiratory muscles. The
respiratory dysfunctions associated with such anomalies are
also considered to be the result of repeated trauma to cervico-
medullary junction by the pincer action of the bony anomalies.

Though well known, the pattern of respiratory dysfunction,
that is, obstructive, restrictive, or both have not been elo-
quently studied. The impairment of respiratory dysfunction
is supposed to improve following rigid fixation yet prolonged
impairment of respiratory dysfunction may persist in some
patients in the postoperative period. This study was con-
ducted with the aim to evaluate the changes in pulmonary
function test (PFT) following surgery.

Materials and Methods

It was a prospective study conducted between February
2014 and October 2015 in our institution in the Department
of Neurosurgery. Ethical clearance was taken from the
Institutional Ethical Committee. This study included
20 patients with clinicoradiologic diagnosis of cranioverte-
bral junction anomalies. Patients with the age group between
16 and 60 years with CV] anomalies with fixed or mobile
joint were included in the study.

The procedure was explained to the patient and informa-
tion about the potential complications particularly about the
risk of surgery was provided to them. Patients were evaluated
before the procedure with PFT using spirometer super Spiro
V 2.10 machine in the sitting position. After sufficient practice
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three satisfactory recordings were obtained for each subject
and the best of the three was taken for analysis. Spirometric
measurements include recording of forced vital capac-
ity (FVC), forced expiratory volume in one second (FEV1),
maximum forced mid-expiratory flow rate (FEF25-75%),
and ratio of FEV1 and FVC (FEV1%)). The parameters were
compared with the predicted normal values for these
patients based on their age and sex. These predictive values
were already displayed on spirometer machine. McCormick
grading to assess neurological function was used.” Rigid
occipitocervical fixation was done using rod and screws.
The patients were shifted to neurosurgery intensive care
unit (ICU) after the operation and were extubated in ICU
for 96 hours. Incentive spirometry and chest physiotherapy
were started as soon as possible after extubation.

The operated patients were examined for neurologi-
cal changes (McCormick grading) after using the fixation
techniques. Pulmonary function study was done on the
seventh postoperative day.

IBM SPSS statistical 19.0 (statistical product and service
solutions) was used to analyze the data.

Results

Neck pain originating in suboccipital region and extending
up toward vertex was most common complaint present in
80% of the cases. Syncope, vertigo, and altered level of con-
sciousness were noted in 20% of the cases. Myelopathy was
the commonest neurological deficit present in all patients.
Chest expansion and breath holding time was reduced in 60%
of the cases. Single breath count was decreased in 70% of the
cases. Posterior column dysfunction was noted in 50% of the
cases. Bladder incontinence was present in 40% of the cases.
Loss of gag reflex was present in 60% of the cases.

In the present study of craniovertebral junction anomaly,
12 (60%) males and 8 (40%) female patients were operated in
our institution. It included congenital,® traumatic,'* and RA.2
Out of the 20 patients, 4 (20%) were smoker and 1 patient
was having scoliosis. All the 20 patients had undergone pre-
operative PFT.

All the patients were extubated within 96 hours of
operation. Postoperative pulmonary functions were obtained
on seventh postoperative day in all 20 patients. In the preop-
erative period all the measured pulmonary functions were sig-
nificantly lower than the predicted normal values (=Table1).
The mean values of FVC, FEV1, FEF25-75% were 72, 68, and 71%
of their mean predicted values. The FEV1% was within the
range of 70 to 95% with the mean of 81.4%.

Table 1 Preoperative pulmonary function test

Postoperatively (after 7 days) there was further significant
reduction in the mean values of FVC, FEV1, and FEF25-75%
compared with the preoperative values (~Fig. 1).

The mean FEV1% was also reduced significantly. The
comparison of values in pre and postoperative period has
been depicted in =Table 2. Seven (35%) patients were in
McCormick grade Il neurological deficit, while ten (50%) and
three (15%) were in McCormick grades Ill and IV, respectively.
In postoperative period 5 (25%) patients had McCormick
grade I, 11 (55%) had McCormick grade II, and 2 (10%) each
had McCormick grades III and IV. Out of three (15%) of the
McCormick grade IV patients, two (10%) patients improved
to grade III while one (5%) patient was not improved neuro-
logically and stayed as grade IV. Out of the ten (50%) patients
of preoperative grade III status, eight patients (40%) were
improved neurologically to grade II, and one (5%) patient
was improved to grade I, while one (5%) patient deterio-
rated neurologically to grade IV. Out of the seven (35%) of the
McCormick grade II patients, four (20%) patients improved to
grade I, while three (15%) patients remained in grade IL.

Discussion

In the present study of craniovertebral junction anomaly,
60% males and 40% female patients were operated. Twenty
patients with craniovertebral junction anomaly were stud-
ied with PFT preoperatively and on the seventh postoper-
ative day. The mean values of FVC, FEV1, and FEF25-75%
were 72, 68 and 71% of their normal predicted values,
respectively, which were significantly less (p-value <0.001).
The mean FEV1% was within normal range being 81.4%.
This signifies that these patients had a mixed obstructive
and restrictive pattern of respiratory disease. In the early
postoperative period, there was a significant decrease
(p-value <0.001) in all mean respiratory parameters com-
pared with preoperative values; though the mean FEV1%
also decreased significantly (72.8 vs. 81.4) it was within
normal limit. This implies that even with the reduction
of ratio the restrictive pattern of respiration persisted in
the postoperative period. The reduction in the respira-
tory parameters may be attributed to residual edema after
surgical manipulations. Pain at the operated site needs
considerations. As the restrictive pattern continued during
the postoperative period the possibility of atelectasis may
have also developed. Rosomoff has described the reduced
vital capacity, maximum breathing capacity, and lung
compliance, despite the absence of clinical evidence of
pulmonary diseases in patients of CV] anomalies.?* In one

Predicted (mean * SD) Observed (mean * SD) p-Value
FvC 3.27 £0.46 2.39+0.45 <0.00001
FEV1 2.89+0.43 1.94+0.38 <0.00001
FEV1% 88.01+2.14 81.47 £6.62 <0.0002
FEF25-75% 3.18+0.52 2.27+£0.48 <0.00001

Abbreviations: FEF, forced expiratory flow; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; SD, standard deviation.
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Fig. 1 Comparison of pulmonary function test in pre- and postoperative period. Abbreviations: FVC, forced vital capacit; FEV1, forced expira-
tory volume in one second; FEF25-75%, maximum forced mid-expiratory flow rate; POSTOP, Postoperative; PREOP, Preoperative.

Table 2 Preoperative and postoperative pulmonary function test

Preoperative (Mean * SD) Postoperative (Mean £ SD) p-Value
FvVC 2.39+0.45 2.03£0.57 0.02
FEV1 1.94 £0.38 1.48 £ 0.45 0.001
FEV1% 81.47 £6.62 72.88 £10.35 0.001
FEF25-75% 2.27 £0.48 1.74+0.44 0.00001

Abbreviations: FEF, forced expiratory flow; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; SD, standard deviation.

Indian study a restrictive pattern was observed which
persisted in the postoperative period.?> These findings were
similar to those found in our study. It therefore forewarns
that the care of chest and respiratory parameters in
postoperative period is of paramount importance. The
improvement may not occur in initial 7 to 10 days and hence
it is mandatory to observe these cases even more carefully
and very judiciously. We, however, did not repeat PFT in
these cases as most of them belonged to different states and
remote areas and hence they were not available for objective
PFT analysis after discharge.

Conclusion

Present study showed that a significant restrictive lung
disease is present in patients of craniovertebral junction
anomaly, even though it is not apparent clinically. In the
first 7 days PFT may even go down because of multiple
factors like pain and neurological deterioration. These
patients are at high risk of pulmonary complication so vig-
orous chest physiotherapy should be done. Smoking and
congenital chest anomaly are also contributing factors in
poor PFT. The clinically insignificant restrictive pulmonary
dysfunctions persist in the early postoperative period.
However, a long-term follow-up is required to assess
whether these parameters improve subsequently. There is
restrictive pattern of pulmonary function in early postop-
erative period; it warrants the need for careful monitoring
for acute respiratory event in this period and hence, one
should not be in a hurry for early extubation and discharge
of these patients.
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