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INTRODUCTION

Anterior cervical discectomy and fusion (ACDF) is the most
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Objective: Anterior cervical discectomy and fusion (ACDF) is the most common performed
surgery in the cervical spine. Dysphagia is one of the most frequent complications following
ACDE. Several studies have identified certain demographic and perioperative risk factors
associated with increased dysphagia rates, but few have reported recent trends. Our study
aims to report current trends and factors associated with the development of inpatient post-
operative dysphagia after ACDF.

Methods: The National Inpatient Sample was evaluated from 2004 to 2014 and discharges
with International Classification of Diseases procedure codes indicating ACDF were select-
ed. Time trend series plots were created for the yearly treatment trends for each fusion level
by dysphagia outcome. Separate univariable followed by multivariable logistic regression
analyses were performed to evaluate predictors of dysphagia.

Results: A total of 1,212,475 ACDFs were identified in which 3.3% experienced postopera-
tive dysphagia. A significant increase in annual dysphagia rates was observed from 2004-
2014. Frailty, intraoperative neuromonitoring, 4 or more level fusions, African American
race, fluid/electrolyte disorders, blood loss, and coagulopathy were all identified as signifi-
cant independent risk factors for the development of postoperative dysphagia following
ACDF.

Conclusion: Postoperative dysphagia is a well-known postsurgical complication associated
with ACDEF. Our cohort showed a significant increase in the annual dysphagia rates inde-
pendent of levels fused. We identified several risk factors associated with the development
of postoperative dysphagia after ACDEF.

Keywords: Dysphagia, Cervical discectomy, Spinal fusion, Inpatient, Morbidity

traesophageal pressure, denervation of the pharyngeal plexus
via malposition of retractors, or superior laryngeal nerve/recur-
rent laryngeal nerve stretch injuries.>® Some studies have pro-

common performed surgery in the cervical spine. First described
by Robertson and Smith in 1958, it now accounts for over 80%
of cervical spine surgeries in the United States.'* Dysphagia,
typically secondary to static retraction of the longus colli mus-
cles, esophagus, and trachea, is one of the most common com-
plications following ACDE. Postoperative dysphagia is often a
result of soft tissue edema however other reported causes include
laceration of the esophagus, local ischemia due to increased in-

posed certain demographic and perioperative risk factors asso-
ciated with increased dysphagia rates. These include female sex,
older age, more comorbidities, increased operative time, use of
plating, excessive or prolonged retraction, elevated endotrache-
al tube cuff pressures, excessive blood loss, increased number of
and more cranially oriented operative levels, revision surgery,
and prevertebral soft tissue swelling. However, no clear consen-
sus exists regarding the evaluation and prevention of dysphagia
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following ACDE*® Thus, we report one of the largest studies to
date evaluating current trends and factors associated with the
development of inpatient postoperative dysphagia after ACDE

MATERIALS AND METHODS

1. Data Collection and Associated Indices

The National Inpatient sample (NIS) is the largest publicly
available, all-payer, inpatient health care database in the United
States (US) and is developed by the Healthcare Cost and Utili-
zation Project (HCUP). The database contains a random sub-
sample of 20% of US inpatient hospital records that represent
an estimated 35 million annual discharges. The Elixhauser re-
admission and mortality indices are validated scoring systems
that identify variables in the NIS correlated with overall patient

10,11

health, mortality risk, and 30-day readmission risk.

2. Definition of Cases

The NIS was evaluated from 2004 to 2014 and discharges with
International Classification of Diseases (ICD-9-CM) procedure
codes indicating ACDF were identified (ICD-9-CM 80.51,81.02,
81.62, and 81.63). Postoperative dysphagia was identified using
the ICD-9-CM code 787.2. This diagnosis is recognized by the
treating physician. Parameters including age, sex, frailty, obesity,
weekend admission status, patient income, race, Elixhauser mor-
tality/readmission indices, intraoperative monitoring (IOM),
and number of fused levels were obtained and analyzed. Frailty,
as defined in previous works, refers to patients with inpatient hy-
poalbuminemia and muscle weakness/fatigue."”

3. Statistical Methods

Aggregate national estimates of yearly discharge frequencies
were calculated utilizing weighted observations supplied by
HCUP. For the years 2004-2011 and 2012-2014, adjusted and
normal weights were utilized, respectively, to adjust for temporal
database changes. Statistical analysis was performed with SAS
9.4 (SAS Institute Inc., Cary, NC, USA) utilizing procedures that
account for NIS stratified-cluster sampling methodology.

The normality of continuous variables was assessed graphi-
cally and statistically. Continuous variables with yearly nonpara-
metric distributions were represented as yearly weighted medi-
an estimates; whereas, those with yearly normal distributions
were represented as yearly weighted mean estimates. Compari-
sons of means/distributions of normally continuous variables
were carried out using least squared means analysis; while, non-
parametric distributions were compared with a modern exten-
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sion of the Wilcoxon rank-sum test that adjusts for clustering,
stratification, and weights."® Categorical variables were present-
ed as an estimated weighted frequency and percent. Statistical
analyses of categorical variables were carried out using chi-square
and Fisher exact with the Monte Carlo simulation tests, as ap-
propriate."

Time trend series plots were created for yearly treatment trends
for each fusion level by dysphagia outcome. To yield a quantita-
tive measurement of yearly distribution trends, yearly means/
medians of continuous variables were assessed with univariable
logistic regression, with year assessed as a continuous variable.
Multivariable logistic regression was performed to evaluate pre-
dictors of dysphagia. All available hospital and discharge data
were utilized as covariates. Covariates that met a significance
level of p<0.2 in the univariable model were included in the
multivariable analysis. A backwards multivariable logistic re-
gression was performed and only variables that met significance
were included in the final model. Values of p <0.05 were con-
sidered statistically significant.

RESULTS

1. Patient Cohort

A total of 1,212,475 ACDF cases were identified between
2004 and 2014, of which 3.3% (n =40,028) experienced postop-
erative dysphagia (Table 1). When compared to those without
dysphagia, these patients tende d to be older (58.2 years vs. 52.3
years, p<0.0001) with higher rates of frailty (1.5% vs. 0.6%)
and obesity (11.5% vs. 9.2%), and were more likely to be admit-
ted on the weekend (2.8% vs. 1.6%). They also had higher Elix-
hauser readmission (4.2 vs. -0.2, p <0.0001) and mortality indi-
ces (-0.7 vs. -0.8, p < 0.0001). With regards to race, African Amer-
icans, (13.9% vs. 8.8%), Hispanics (6.3% vs. 5.1%) and Asians
(1.5% vs. 1.2%) had higher rates of postoperative dysphagia. In-
terestingly, patients who developed postoperative dysphagia
were also more likely to have had intraoperative neuromonitor-
ing (12.7% vs. 7.1%, p<0.0001) and dysphagia was also less
likely to occur in females (49.4% vs. 52.7%, p < 0.0001). Patient
income was not associated with the development of dysphagia
after ACDE

2. Time Trends

A significant increase in annual dysphagia rates (Table 2) was
observed from 2004-2014 (Fig. 1; 1.9% in 2004 vs. 5.1% in 2014,
odds ratio [OR] =1.11) (p<0.0001). Patients were also evaluated
according to the number of levels fused (Table 2) with 31,879
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Table 1. Patient and procedural characteristics for ACDF stratified by dysphagia

Characteristic Overall Dysphagia Non-dysphagia p-value
No. of patients (%) 1,212,475 40,028 (3.3) 1,172,447 (96.7)
Age (yr) 52.9+0.16 58.2+£0.33 52.3+£0.16 <0.001
Female sex 638,070 (52.6) 19,759 (49.4) 618,311 (52.7) <0.001
Frail 7,238 (0.6) 612 (1.5) 6,625 (0.6) <0.001
Obese 112,144 (9.2) 4,599 (11.5) 107,546 (9.2) <0.001
Weekend admissions 20,304 (1.7) 1,141 (2.8) 19,163 (1.6) <0.001
Patient income quartile 0.8397

$1-24,999 278,437 (23.5) 9,379 (23.9) 269,059 (23.5)

$25,000-34,999 313,994 (26.5) 10,309 (26.3) 313,994 (26.5)

$35,000-44,999 310,193 (26.2) 10,112 (25.8) 300,081 (26.2)

$45,000 or more 283,350 (23.9) 9,440 (24.1) 273,911 (23.9)
Patient race <0.001

White 169,972 (81.9) 25,997 (75.7) 792,563 (82.1)

African American 89,526 (9.0) 4,761 (13.9) 84,765 (8.8)

Hispanic 51,537 (5.2) 2,170 (6.3) 49,367 (5.1)

Asian or Pacific Islander 11,783 (1.2) 522 (1.5) 11,260 (1.2)

Native American 4,221 (0.4) 123 (0.4) 4,098 (0.4)
Academic teaching status 625,197 (51.8) 22,293 (55.7) 602,904 (51.4) 0.0003
Elixhauser Mortality Index -0.8 (-1.8t0 -0.2) -0.7 (-1.9t0 2.0) -0.8 (-1.8t0 -0.2) <0.001
Elixhauser Readmission Index -0.2 (-0.8 t0 6.0) 4.2 (-0.6 to 11.3) -0.2(-0.9t05.9) <0.001
Intraoperative monitoring 88,209 (7.3) 5,103 (12.7) 83,106 (7.1) <0.001
No. of levels fused <0.001

One level 31,879 (2.6) 1,087 (3.4) 30,792 (96.6)

Two or 3 levels 1,013,712 (83.6) 27,973 (2.8) 985,739 (97.2)

Four levels or more levels 166,884 (13.8) 10,968 (6.6) 155,916 (93.4)
Values are presented as mean + standard deviation, number (column or row %), or median (range).
ACDE anterior cervical discectomy and fusion.
Table 2. Yearly incidence of post-ACDF dysphagia by fusion levels
Level 2004 2005 2012 2013 2014 Yearly (1;1;/1:}&01‘;‘1 OR  pvalue
Overall 1,900 (1.9) 1,927 (1.8) 4,565 (4.0) 5260 (4.6) 5645 (5.1) 111 (1.09-1.12) <0.0001
One level 103 (1.3) 63 (1.4) 120 (6.5) 135 (7.2) 165 (9.3) 1.21 (1.16-1.27) <0.0001
Two or 3 levels 1,344 (1.7)  1,411(1.6)  3235(34)  3,565(3.8) 3,800 (4.2) 1.10 (1.09-1.12) <0.0001
Four or more levels 453 (3.6) 453(3.8)  1210(7.5) 1,560 (9.0) 1,680 (9.5) 1.10 (1.08-1.12) <0.0001

Values are presented as number (%).

ACDE anterior cervical discectomy and fusion; OR, odds ratio; CI, confidence interval.

patients undergoing a 1-level fusion, 1,013,712 patients under-
going a 2- or 3-level fusion, and 166,884 patients undergoing a
4 or more level fusion. The overall incidence of dysphagia in
each of these cohorts was 3.4%, 2.8%, and 6.6%, respectively.
The incidence of dysphagia also increased yearly across all co-
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horts. Although the 4 or more level fusion group had the high-
est annual and overall rates of postoperative dysphagia, by 2014
the single-level fusion group exhibited comparable rates (9.5%
and 9.3%, respectively). Furthermore, the single-level fusion
group also had the highest yearly likelihood of developing post-
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National Trends of ACDF Dysphagia Incidence
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Fig. 1. National trends of ACDF dysphagia incidence. ACDEF,
anterior cervical discectomy and fusion.

operative dysphagia during hospitalization (OR, 1.21; 95% con-
fidence interval [CI], 1.16-1.27; p <0.0001).

3. Risk Factors

The full multivariable logistic regression analysis with Cls
and p-values can be seen in Table 3. Frailty, intraoperative neu-
romonitoring, 4 or more level fusions, African American race,
fluid/electrolyte disorders, blood loss, and coagulopathy were
all identified as significant independent risk factors (OR > 1.5)
for the development of postoperative dysphagia following ACDE

DISCUSSION

The incidence of dysphagia after ACDF in this study was 3.3%,
which appears to be consistent with several other large database
studies.”’>'® However, the reported incidence in the literature
varies widely due to a lack of unifying criteria and variations in
study design.” In a systematic review of mainly prospective co-
hort studies, Riley et al.* reported dysphagia rates ranging from
1%-79% within the first week (mean, 33%), decreasing to
13%-21% (mean, 16.8%) 1 year after surgery. A single-surgeon
study conducted by Nanda et al.,"” analyzed 1,576 patients from
1995 to 2012, and found a 3.3% (n = 52) dysphagia rate. On the
other hand, and contrary to the trends found in the literature, a
retrospective single-surgeon study of 1,123 consecutive cases by
Mullins et al."® reported significantly lower rates, with only
0.62% of patients developing dysphagia.

Interestingly, our cohort showed a significant increase in an-
nual dysphagia rates from 2004-2014 (Fig. 1; 1.9% in 2004 vs.
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Table 3. Multivariable predictors of dysphagia following ACDF

Effect OR 95% CL  p-value
Age 1.03 1.02,1.03 <0.001
Obesity 1.12 1.03,1.22 0.0071
Frailty 1.75" 141,217 <0.001
Female 0.87 0.83,0.92 <0.001
Race (Ref = White)
African American 1.521 14,1.66 <0.001
Hispanic 1.29"  1.14,147 <0.001
Asian or Pacific Islander 1.27°  1.05,1.55 0.0162
Native American 0.85 0.56,1.3 0.4466
Other 1.03 0.86, 1.24 0.7564
Academic hospital 1.15  1.05,1.27 0.0035
Intraoperative monitoring 1.61"  1.44,1.79 <0.001
No. of levels fused (Ref=One)
Two or 3 levels 0.91 0.74,1.11 0.3477
Four levels or more levels 1.75"  1.41,2.16 <0.001
Psychoses 1.321 1.14,1.52 0.0002
Neurodegenerative diseases 147" 1.32,1.63 <0.001
Fluid and electrolyte disorders 287" 2.62,3.15 <0.001
Diabetic with complications 142" 1.21,1.67 <0.001
Diabetic without complications 1.16  1.09,1.24 <0.001
Depression 1.13 1.05,1.21 0.0014
Alcohol abuse 1.35"  1.14,1.6 0.0005
Blood loss 2217 1.41,3.48 0.0006
Coagulopathy 1.59"  1.28,1.96 <0.001
Paralysis 1.84% 1.6,2.11 <0.001

ACDE anterior cervical discectomy and fusion; OR, odds ratio; CL,
confidence limit.
fOdds ratio>1.2.

5.1% in 2014; OR, 1.11) (p<0.0001). The incidence increased
yearly independent of levels fused. The increase in the incidence
of dysphagia may be the result of multiple factors. As more lit-
erature becomes available in respect to the development of post-
operative dysphagia after ACDE treating physicians may be more
conscious in trying to identify and report this complication.
Also, the use and implementation of electronic records may
have facilitated the recording of dysphagia for administrative
reasons, although there is no clear scientific evidence support-
ing this argument. In addition, several studies have identified
that NIS studies may underreport postoperative complications.”
Furthermore, the comorbidity burden in ACDF procedures has
increased over time.! Another potential concerning explanation
for this finding could be that previous data associating single-
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level ACDF with relatively low rates of postoperative dysphagia
may have led to a decreased in a detailed dissection prior to re-
tractor placement during these cases. Unfortunately, an impor-
tant limitation of the NIS is the lack of readmission and long-
term follow-up data, which hinders our ability to accurately as-

sess long-term dysphagia rates.

1. Patient Related Risk Factors

Several studies have described a higher incidence of dyspha-
gia among women.”” In contrast, the data from our report
shows dysphagia was less frequent in the global female popula-
tion, a result comparable to the retrospective analysis by Riley
et al.** and the NIS database review by Singh et al.” Additionally,
previous data suggested age as an independent risk factor for
postoperative dysphagia.”*!****** Qur results appear to be con-
gruent with these previous studies, with a 5.9-year age increase
seen in the dysphagia group. However, there is conflicting evi-
dence as some studies found no significant association between
age and the occurrence of dysphagia.****** Few studies have
evaluated the relationship between race and dysphagia. While
Smith-Hammond et al.* reported no association, Singh et al.’
identified African American race and Asian American race as
independent risk factors. The majority of the patients in our
sample were Caucasian (81.9%), and using it as a reference, we
found that African American, Hispanic, and Asian races had a
higher likelihood of developing dysphagia.

The comorbidity burden in ACDF procedures has increased
over time." The following comorbidities were identified as inde-
pendent risk factors for the development of dysphagia by our
study and many others: smoking,”*” fluid and electrolyte disor-

ders,®

paralysis,”'® coagulopathy, neurodegenerative diseases,’
alcohol abuse,”'® diabetes with chronic complications,® depres-
sion and psychosis.”'** In contrast to some studies regarding
obesity,**”* our results showed that body mass index was signifi-
cantly associated with dysphagia. Similarly, Wang et al**and Liu
et al.” found increased rates in the immediate postoperative pe-
riod only. The authors have suggested the association between obe-
sity and early-dysphagia may be linked to the increased thickness
of the prevertebral tissue in obese patients, leading to difficulty
in manipulation and excessive esophageal retraction.****' Final-
ly, while no past study has elucidated the implication of frailty in
the development of dysphagia, the present publication demon-
strated a significant association. Frailty which is defined as hypo-
albuminemia, muscle weakness or fatigue may make patients es-
pecially susceptible to more intraoperative tissue manipulation
and thus at increased risk of postoperative dysphagia.
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2. Surgeon-Related Risk Factors

There is conflicting evidence regarding the mortality and com-
plication rates between teaching and nonteaching hospitals. Ac-
cording to the HCUP website, teaching status is assigned if the
hospital has one or more Accreditation Council for Graduate
Medical Education approved residency programs, is a member
of the Council of Teaching Hospitals or has a ratio of full-time
equivalent interns and residents to beds of 0.25 or higher.” Re-
sults from the present study suggest dysphagia was significantly
more present in patients treated at academic centers (55.7% vs.
51.4%, p<0.0003). However, there are limitations to using the
NIS database for this purpose because it does not contain infor-
mation regarding readmissions or dysphagia screening practic-
es. Furthermore, it is difficult to distinguish if the increased
complication rates are due to greater average length of stay as
teaching facilities often deal with more complex cases and may
not represent the population as a whole. Fineberg et al.”* used
the NIS to analyze 211,624 cervical procedures observing that
patients treated in academic centers had longer hospitalizations
(1.8 days vs. 1.6 days, p<0.0005), increased mortality (0.06%
difference, p <0.002), and postoperative complications (2.4%
vs. 1.7%, p < 0.0005), compared to patients treated in nonteach-
ing institutions. Contrary to our results, Starmer et al."” con-
ducted an analysis of 1,649,871 patients from 2001 to 2010 us-
ing the NIS and found no statistical significant difference re-
garding teaching status and dysphagia rates. Resident involve-
ment may also prolong operation time thus potentially increas-
ing time-related co mplications which may explain why we
found that dysphagia was more often seen in academic centers
in our data.** This is in line with the work of Nandyala et al.”
who determined the impact of the influx of new interns and
residents during the month of July using the NIS (n=52,499)
and found a significantly increased incidence of dysphagia (38.3
vs. 27.0 per 1,000, p=0.006) and longer hospitalizations in the
teaching hospital cohort. Conversely, Stienen et al.** in a single-
center retrospective study determined that outcomes and com-
plication rates from supervised neurosurgical residents with a
structured training program were no different to senior sur-
geons. This difference may be due to the limited number of pa-
tients (n=287), and the single-center nature of the study. Un-
fortunately, we cannot assess the involvement of the residents
or fellows in a case-by-case scenario by NIS teaching status.”

Among several surgeon-related risk factors, the use of recom-
binant human bone morphogenetic protein-2 (thBMP-2) which
is a bone graft enhancer that may be used “off label” in ACDF
has been studied in relation with dysphagia. A systematic re-
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view conducted by Stark et al.*® reported that rhBMP-2 had the
highest fusion rate (100%) compared with other substitutes.
However, dysphagia was significantly higher in studies using
rhBMP-2 (p <0.001). Unfortunately, the NIS database does not
provide information about use of hBMP-2 to confirm this result.

3. Surgical Complexity-Related Risk Factors
There is a tendency for patients who underwent multiple lev-
el surgery to complain about postoperative swallowing difficul-

ty.52°212* Similarly to previous works,”*

our findings support
the association between >4-level ACDF and postoperative dys-
phagia compared to the single- and 2 to 3 level groups. In con-
trast, Smith-Hammond et al.,”” Chin et al.,”” and Vaidya et al.*
found no significant difference between dysphagia rates and the
number of cervical levels operated. Typically, multilevel ACDF
requires a wider exposure and longer operative times, which
could lead to prolonged retraction of the esophagus and more
prevertebral soft tissue injury.*"** Although the evidence is con-
flicting,”* the amount of blood loss during surgery could re-
flect the complexity and length of the procedure.” Wang et al.*®
identified blood loss as a risk factor for dysphagia immediately
after surgery (151.6 mL vs. 121.6 mL, p <0.001). However, Zeng
et al.” failed to find a statistically significant association. Simi-
larly, operative time was found to be a significant risk factor by
some studies,”**?%*** but other studies failed to identify it as
one.”*** We found blood loss was associated with dysphagia
(OR, 2.21;95% CI, 1.41-3.48; p < 0.0006), although, as mentioned
previously, this is likely due to confounding variables such as
longer surgical time and more complex procedures.

Interestingly, the present study is the first to our knowledge
to show that by 2014, single-level ACDF dysphagia rates were
comparable to those involving 4 or more levels (9.3% and 9.5%,
respectively). Also, single-level ACDF showed the highest year-
ly likelihood of developing postoperative dysphagia during hos-
pitalization (OR, 1.21; p<0.0001). These numbers go against
the known trend of higher incidence of dysphagia as the num-
ber of fused levels increase. One potential concerning explana-
tion for this finding could be that previous data associating sin-
gle-level ACDF with relatively lower rates of postoperative dys-
phagia’” may have led to a decreased quality of dissection and
soft tissue mobilization prior to retractor placement during
these cases. Conversely, data suggesting high rates of dysphagia
in multilevel ACDE may lead to surgeons being more careful
during dissection and soft tissue mobilization prior to retractor
placement, as well as increased consciousness about deep re-
traction time.
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Although dysphagia may be secondary to injury of the supe-
rior laryngeal, recurrent laryngeal, hypoglossal, or glossopha-
ryngeal nerves, the efficacy and optimal modality of IOM in
anterior cervical surgery remains unclear. Thirumala et al.**
and Ajiboye et al.* failed to show evidence in support of IOM.
Limitations in these meta-analyses include heterogeneity in the
included studies, variability in the IOM modalities, and lack of
standardization in IOM alert criteria.*® In contrast to the pub-
lished literature, this study noticed an increase in the rate of
dysphagia in cases that used IOM (12.7% vs. 7.1%, p<0.0001).
However, the use of IOM may be indicative of more complex
cases with cervical deformity, severe neural element compres-
sion or the presence of myelopathy, which may result in increased
operative time, blood loss and multilevel procedures; thus, con-
founding is likely to be present.

4. Future Directions

With the present findings, preventive measures and proper
patient orientation should take precedent. Decreasing the en-
dotracheal tube cuff pressure to 20 mmHg during retractor place-
ment may be helpful, although it has not been consistently shown
to reduce dysphagia.* Strategies such as intraoperative retro-
pharyngeal steroids, preoperative tracheal retraction exercise,
and the use of a posterior approach to the cervical spine in pa-
tients at higher risk of developing postoperative dysphagia should
be considered as an attempt to diminish this postoperative com-
plication. As mentioned previously, dysphagia rates following
ACDFs have continued to increase over time and this phenom-
enon is likely multifactorial in nature. Future studies evaluating
the variables contributing to this trend will help aid our under-
standing of this unwanted postoperative complication and may
allow us to reduce it.

5. Limitations

There are several limitations in our study, including the lack
of long-term follow-up information. The NIS database provides
no information about specific levels treated, readmission rates,
previous procedures, medical management, and outpatient pro-
cedures. Another limitation is the lack of information about the
type of hardware used in the procedures. Furthermore, with
any sample size as large as the one in this study, statistically sig-
nificant differences may be identified but remain difficult to in-
terpret clinically especially if their OR remains close to 1. Al-
though our data includes a large population representative of
the entire US population, this study was limited to the evalua-
tion of factors contributing to postoperative dysphagia and fu-
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ture studies are necessary to determine why we observed in-
creasing rates of dysphagia over time.

CONCLUSION

Postoperative dysphagia is a well-known postsurgical com-
plication associated with ACDE This study reviews and identi-
fies several associated risk factors for the occurrence of postop-
erative dysphagia after ACDF in the US using the National In-
patient Sample. Our cohort showed a significant increase in the
annual dysphagia rates independent of levels fused.
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