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Abstract:

Introduction: Postoperative respiratory complications (PRC) are one of the most serious complications. Potentially life-
threatening accidents can occur after an anterior cervical discectomy and fusion (ADF), such as airway obstruction and as-
piration pneumonia. Despite numerous studies, preoperative predictive and preventive methodology has yet to be estab-
lished.

As reported in our previous study, the evaluation of preoperative dysphagia using the eating assessment tool (EAT-10)
and a flexible endoscopic evaluation of swallowing (FEES) is useful for predicting the incidence and risk factors of
dysphagia after ADF.

Methods: This prospective study comprised 60 consecutive patients who underwent ADF. An otolaryngologist and a
speech-language-hearing therapist preoperatively and 1 week postoperatively evaluated dysphagia using EAT-10 and Hyodo-
Komagane (H-K) scores during FEES. Patient demographics, comorbidities, and pre- and postoperative dysphagia were
compared between patients with and without PRC.

Results: Seven of 60 (11.6%) patients had preoperative dysphagia diagnosed using the H-K score. A significant positive
correlation existed between the pre- and postoperative H-K scores. Of all 60 cases, eight (13.3%) had PRC. Among them,
two required reintubation due to airway obstruction and six had aspiration pneumonia. The PRC(+) group was significantly
older and more prone to diabetes and asthma. The preoperative H-K score of the PRC(+) group was significantly higher
than that of the PRC(-) group. Postoperatively, but not preoperatively, EAT-10 was significantly higher in the PRC(+)
group.

Conclusions: Preoperative dysphagia may potentially exacerbate postoperative dysphagia after ADF. A preoperative
evaluation of dysphagia using the H-K score during FEES is a useful method for predicting and reducing the risk of PRC.
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Introduction

Degenerative cervical spondylotic myelopathy (CSM) is a
common type of cervical spinal disorder associated with
age-related changes of the spine. Severe CSM causes pro-
gressive spinal cord impairment and significant physical and

social disabilities"”

. Anterior cervical discectomy and fusion
(ADF) is commonly used to treat symptomatic CSM, when
pain and disability from cervical spondylosis and disc de-
generation become refractory to conservative treatment.
Dysphagia is one of the most common complications after

3-5)

ADF and occurs frequently”™. Additionally, postoperative
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respiratory complications (PRC) can cause serious problems
and major issues after ADF. Past reports indicate that post-
operative adverse events of a respiratory nature, such as
pneumonia and airway obstruction, occur in 0.6%-14% of
patients after ADF*”. Sometimes, accidental airway obstruc-
tion becomes a potentially life-threatening event that may
require reintubation, for which one must be prepared with
an effective management plan. Although numerous studies
have investigated the frequency of PRC and its associated
risk factors, preoperative methodology that is predictive and
aims to reduce the risk factors has yet to be established.

Over the last 5 years, the eating assessment tool (EAT-10)
was established as a bedside clinical screening instrument to
obtain patient-reported outcomes when evaluating dysphagia.
The tool has been highly accurate in patients across several
diseases'”"”. The Hyodo-Komagane (H-K) score has been
used during the flexible endoscopic evaluation of swallow-
ing (FEES) using blue-dyed water. This test has utility in
otolaryngology and has been validated for the evaluation of
dysphagia and detection of the risk of aspiration pneumo-
nia”"?. Our recent study demonstrated that evaluation of
preoperative dysphagia, by an otolaryngologist and a
speech-language-hearing therapist, using EAT-10 and FEES
is useful for predicting the incidence and risk factors of
postoperative dysphagia after ADF'.

The purpose of the present study was to clarify the preva-
lence and risk factors of PRC after ADF and to investigate
whether the preoperative evaluation of dysphagia using EAT-
10 and the H-K score is a useful method for predicting and
reducing the risk of PRC.

Materials and Methods

Patient groups and surgical techniques

This was a prospective analysis of 60 consecutive patients
who had undergone ADF, performed using the Smith-
Robinson technique and a left-sided approach. The surgeries
were performed by two board-certified spinal surgeons at
one institute between 2015 and 2018. Informed, written con-
sent was obtained from all eligible patients. The patients in-
cluded 31 females and 29 males of mean age 68.4 (range,
45-87) years. All patients underwent decompression, which
included the simple excision of a disc and/or corpectomy
following fixation using anterior cervical titanium plates
with locking screws. All patients were treated using an ante-
rior cervical plate system with 2.5-mm-thick plates (Zimmer
Biomet Spine, Inc., Warsaw, IN, USA).

Evaluations of dysphagia

A single experienced otolaryngologist and one speech-
language-hearing therapist evaluated dysphagia using the 10-
item EAT-10 instrument and H-K scores. A 5-point Likert
scale was used to assess the severity of dysphagia with EAT-
10 (Supplemental Table 1). Evidence shows that the EAT-10
tool is both reliable and valid"’. Previous reports have
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shown that an EAT-10 score of >3 indicates the patient has
dysphagia".

The H-K score was developed as a scoring system to
evaluate endoscopic swallowing using blue-dyed water'”.
This simple, clinic-based scoring during FEES uses four pa-
rameters: (1) the degree of salivary pooling at the vallecula
and piriform sinuses, (2) the glottal closure reflex induced
by touching the epiglottis or arytenoid with an endoscope,
(3) initiation of the swallowing reflex assessed by white-out
timing, and (4) pharyngeal clearance after the blue-dyed
water is swallowed, categorized as 0 = normal, 1 = mildly
impaired, 2 = moderately impaired, or 3 = severely impaired
(Supplemental Table 2). A representative case of preopera-
tive dysphagia is shown in Fig. 1. This system has been re-
ported as reliable and useful for evaluating the severity and
features of dysphagia'®. According to previous reports,
dysphagia is defined as a total score >3.4'”. All patients un-
derwent evaluation of dysphagia by examining endoscopic
swallowing and EAT-10 between 1-14 days preoperatively

and 1 week postoperatively.
Pulmonary function tests

All patients in the study had undergone pulmonary func-
tion tests (PFTs) to determine pulmonary volume before sur-
gery. The tests were performed with the patients standing.
Each spirometry test was repeated three times, and the high-
est value among the results was selected. The PFT data are
represented as an absolute (best) value for forced expiratory
volume in 1 s (FEV1) and forced vital capacity (FVC) as
well as percent predictive values normalized to age, weight,
and preoperative height or arm span. FVC provides an as-
sessment of lung volume, and FEV1 provides an assessment
of flow function. Obstructive impairment was defined as
%FEV1 <70%, and restrictive impairment was diagnosed if
%FVC was <80%.

Statistical analyses

Data were analyzed using the unpaired ¢ test, the Mann-
Whitney U test, and Fisher’s exact test to identify significant
differences. The correlation between pre- and postoperative
H-K scores and radiographic parameters was determined us-
ing Pearson’s correlation coefficient. A receiver operating
characteristic (ROC) curve was used to determine the sensi-
tivity and specificity of the cutoff score for the preoperative
H-K scores to diagnose sarcopenia. All statistical calcula-
tions were performed using Prism (version 8.0; Graph Pad
Software, La Jolla, CA, USA). For all the tests, P < 0.05
was considered to be statistically significant.

Results

The mean duration of operations was 122 + 54.9 min, the
mean blood loss was 46.9 + 74.6 mL, and the mean number
of fused vertebral levels was 2.4 + 1.0. No patient withdrew
from the study, and no revision surgery was necessary due
to postoperative complications.
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A. Preoperative dysphagia(+)
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B. Preoperative dysphagia(-)

0-0-0-0
H-K score 0

Comparison of pre- and postoperative (a) EAT-10 and (b) H-K scores.

H-K: Hyodo-Komagane; postop: postoperative; preop: preoperative.

Figure 1.
*P<0.05.
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Figure 2. Correlation between pre- and postoperative H-K
scores.

H-K: Hyodo-Komagane; postop: postoperative; preop: preopera-
tive.

Incidence of pre- and postoperative dysphagia

The mean preoperative EAT-10 and H-K scores were 0.26
+ 0.5 and 1.4 £ 1.6, respectively. No patient who was diag-
nosed with preoperative dysphagia was evaluated via EAT-
10. In contrast, seven of 60 (11.6%) patients had already
been diagnosed with preoperative dysphagia using the H-K
score. The mean early postoperative EAT-10 and H-K scores
were 2.7 = 5.4 and 2.9 + 2.4, respectively. The prevalence
rate of dysphagia among patients as evaluated in the early
postoperative period was 12/60 (20%) using EAT-10 and 15/
60 (25%) using the H-K score (Fig. 2A, 2B).

There was a significant positive correlation between the
pre- and postoperative H-K scores (r = 0.48, P < 0.0001;
Fig. 3).

Incidence of PRC

Of all the 60 cases, eight had PRC (13.3%). Among them,
two cases required reintubation due to airway obstruction
and six cases had aspiration pneumonia.
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Figure 3. Total score comparisons for evalua-
tions of dysphagia between the PRC(+) and
PRC(-) groups.

(a) Preoperative EAT-10, (b) postoperative EAT-
10, (c) preoperative H-K scores, and (d) postoper-
ative H-K scores. *P<0.05, **P<0.0001.

(e) Receiver operating characteristic curve to de-
termine the sensitivity of the H-K score to detect
PRC in patients who underwent ADF.

H-K: Hyodo-Komagane; NS: not significant;
postop: postoperative; preop: preoperative; PRC:
postoperative respiratory complications.

Comparison of patients with and without PRC

Table 1 compares patients with (+) and without (=) PRC.
Patients in the PRC(+) group were significantly older and a
higher percentage of them had diabetes and/or asthma than
those in the PRC(—) group. In contrast, there was no signifi-
cant difference in terms of gender, smoking status, dialysis,
and restrictive and obstructive impairment measured using
spirometry between the PRC(+) and PRC(-) groups. The
duration of surgery, estimated blood loss, and number of
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Table 1. Comparison of Patients with and without Postoperative Respiratory Complications.
Variable PRC(-) (n=52) PRC(+) (n=8) P value
Age, years 66.6x11.1 77.1£9.1 <0.05*
Female/male, n 29/23 2/6 0.14
Comorbidity, n
Smoking (NSO/CS or FS) 30/22 4/4 0.72
Dialysis (+/-) 4/48 2/6 0.18
Diabetes (+/-) 4/4 8/44 <0.05*
Asthma (+/-) 2/6 1/51 <0.05*
Restrictive impairment (%FVC was 80%) (+/-) 6/46 177 0.92
Obstructive impairment (%FEV1<70%) (+/-) 2/6 3/49 0.13
Duration of surgery, min 111.4+53.7 117.0+33.2 0.78
Estimated blood loss, mL 41.9+70.5 35.0+£32.7 0.79
Number of fused vertebral levels 2.2+1.0 2.6+0.7 0.29

Interval and ratio values are presented as meanzstandard deviation.

*Vs the PRC group.

PRC: postoperative respiratory complications; NSO: never smoker; CS: current smoker; FS: former
smoker; FVC: forced vital capacity; FEV1: forced expiratory volume in 1 s.

vertebral fusion levels were not significantly different be-
tween the groups.

Dysphagia and PRC

The preoperative H-K score of the PRC(+) group was sig-
nificantly higher than that of the PRC(-) group (Fig. 4C). In
contrast, there was no significant difference in preoperative
EAT-10 between the groups (Fig. 4A). Both the postopera-
tive EAT-10 and H-K scores were significantly higher in the
PRC(+) group than in the PRC(-) group (Fig. 4B, 4D). The
cutoff value of the preoperative H-K score was determined
as 2.5 points to detect PRC in patients who underwent ADF
using ROC curve analysis, which indicated a sensitivity of
62.5% (95%CI: 30.6%-86.3%), a specificity of 87.8% (95%
CI: 75.8%-94.3%), and an area under the curve of 0.731
(Fig. 4E).

The flexible endoscopic evaluation of a representative
case from the PRC(+) group who had developed preopera-
tive dysphagia is shown in Fig. 1.

Discussion

The present study aimed to clarify the risk factors of PRC
after ADF and to establish a preoperative screening method
for patients who are at a high risk of PRC. Interestingly, we
found that the H-K score during FEES was useful in detect-
ing patients who had dysphagia before surgery. Furthermore,
a significant positive correlation between the H-K scores be-
fore and after surgery suggested that postoperative
dysphagia after ADF could potentially have been exacer-
bated in patients who had dysphagia before surgery. The
present study showed that 13% of all cases who underwent
ADF were associated with PRC, and two cases required re-
intubation due to airway obstruction and six cases had aspi-
ration pneumonia.

A previous study drew attention to the prevalence of rein-
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Figure 4. Images of a flexible endoscopic evaluation in repre-
sentative cases who had developed preoperative dysphagia in (a)
the PRC(+) group and (b) the PRC(-) group.

PRC: postoperative respiratory complications.
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tubation being very low (0.1%) among cases who underwent
ADF; however, serious complications can lead to death in
worst-case scenarios'”. Postoperative pneumonia is the third
most common complication for all surgical procedures and
is associated with increased patient morbidity and mortal-
ity'”. Additionally, pneumonia is the fourth most common
cause of mortality in the elderly in Japan'®.

Numerous studies have tried to clarify the risk factors
linked to PRC, such as postoperative airway obstruction and
older age, male gender, smoking, obesity,
chronic obstructive pulmonary disease, bleeding disorders,
an increased number of fused vertebral levels, blood loss,
and prolonged operative durations™"*”. However, the num-
ber of patients who experience severe PRC after ADF has
not decreased. In line with previous reports, the present
study also showed that older age and comorbidities of
asthma and/or diabetes mellitus (DM) were risk factors for
PRC after ADF. As an important new finding, high preop-
erative H-K scores were a risk factor for PRC after ADF. In
contrast, postoperative PRC could not be screened using
EAT-10, and we presume this cause as it is based on patient
evaluations. The preoperative evaluation of PFTs using spi-
rometry was also not useful to predict PRC after ADF in the
present study.

It is well known in the otolaryngology specialty that
dysphagia is one of the important etiologies of aspiration
and airway obstruction'*'”, Therefore, preoperative predic-
tion of the risk of postoperative dysphagia has great clinical
significance. Additionally, the H-K score has been estab-
lished to be useful for detecting the risk of aspiration in the
elderly in the otolaryngologic field because it can sensitively
and objectively evaluate the swallowing function'”. However,
there is no study of the usefulness of the H-K score in the
orthopedic field.

To our knowledge, this is the first study to indicate that
the preoperative evaluation of dysphagia using H-K scores
during FEES is a useful method for predicting and reducing
the risk of PRC. A further study with an increased number
of patients is warranted.

pneumonia,

Conclusion

Dysphagia after ADF may potentially be exacerbated in
patients who have dysphagia before surgery. The preopera-
tive evaluation of dysphagia using H-K scores during FEES
is useful for predicting and reducing the risk of PRC.
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