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Abstract

Introduction Post-surgical dysphagia is one complication particularly common in early postoperative period
after Anterior cervical spine surgery (ACSS). However, the pathophysiology of dysphagia after surgery has
not been well understood.

This study aimed to analyse the frequency and risk factors for developing dysphagia following ACSS and find
an effective program to prevent and treat.

Materials and methods A prospective observational study was conducted on 50 patients undergoing ACSS
from April 2021 to Oct 2022 at the Department of Orthopedics, Guru Gobind Singh Medical College and Hospital,
Punjab (India). Patients were in the age group of 27 to 60 years. The indications for cervical surgeries were
traumatic, degenerative, infective and neoplastic involving C2 to C7 vertebra with signs of neural compression
unresponsive to conservative treatment. Data on patient age, gender, duration of surgery, intraoperative blood
loss, segment operated and the number of segments operated were collected. Follow up time was 24 weeks.

Results Incidence of dysphagia was 20 % (10/50) within first week which reduced to zero at completion
of six months of follow-up. Dysphagia was present in 2 % (1/50) patients in age group 21-40 years
and 18 % (9/50) patients in age group of 41-60 years. 14.6 % (6/41) males and 44 % (4/9) of females had
dysphagia. Prevalence of dysphagia in patients with one affected segment was 9.5 % (4/42), two segments
was 80 % (4/5) and three segments was 50 % (1/2). Mean duration of surgery in patients with post-operative
dysphagia was 115 mins. Mean blood loss in patients with post-operative dysphagia was 171.40 mL Mean Et
(endotracheal) tube cuff pressure in patients with post-operative dysphagia was 24.70 cm H,0. Within the first
week of surgery, there were 10 cases out of which one was mild, six were moderate and three were severe.

Conclusion Despite the fact that some inconsistency is there in the literature regarding risk factors it can be

safely concluded from our study that incidence of post-operative dysphagia can be reduced by decreasing blood
loss during surgery, reducing surgery time and optimizing Endotracheal tube cuff pressure during surgery.
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AnHOTanua

BBemenmne. [Iyicharusi — OCIOKHEHME IOC/Ie OIlepalyy Ha IepegHeM IIeiiHOM OTmee IT03BOHOYHMKA
(aHen.: anterior cervical spine surgery, ACSS, Han6oee pacpocTpaHeHHOe B paHHEM Itepuoe, aTodu3no-
JIOTUSI KOTOPOTO HEIOCTATOYHO M3yYyeHa.

Ilesp paGoOTHI — aHa M3 YaCTOThI U (aKTOPOB pucKa pa3BuTus aycharum mocie ACSS u momck s HekTuB-
HOIt TporpaMMbl ee TPOPUIaKTUKA.

Marepuanabl M MeTOHbI. B IpOCIEKTHBHOE HAOGMIOJATeNbHOE VCCIeNOBaHNMe BKIIOUeHbl 50 malyeHTOB
(41 MykUMHA ¥ JEBSITb KEHIIMH), KOTOPhIM mpoBeaeHbl ACSS ¢ ampenst 2021 roma mo oktsa6pb 2022 roma
B otHeneHun oproneauu Guru Gobind Singh Medical College and Hospital (ITenmka6, aaus). Bo3pact mna-
1ueHToB — OT 27 10 60 yeT. [TokasaHuMs K ollepanyi: He MO HaIoecss KOHCepBaTMBHOMY JIEUEHUIO TPaB-
MaTuUJecKue, nereHepaTuBHbIe, MHPEKIMOHHbIE ¥ OITyXOojeBble 3a60/eBaHMs, 3aTparuBalollye MO3BOHKMU
C2-C7, c mpu3HaKaMy KOMITpeccuy HepBoB. [IpoaHaNM3MpOBaHbl JaHHbIE: BO3PACT IMalyeHTa, 01, TPOI0JI-
SKUTETbHOCTD OIepalyy, MHTPAoeparMoHHass KPOBOIIOTePsI, OTIEPMPOBAHHbIE CETMEHTBI, B TOM YMCIIe UX
KOJM4ecTBO. BpeMs HaOmogeHus — 24 Hememnn.

PesynbraTsl U o6CykaeHue. Yactora BO3SHUKHOBeHUs qucdarum coctaBwia 20 % (10 maiyueHTOB) B Teue-
HIe TIepBOii HeJley ¥ CHU3UJIACh IO HYJIS IO 3aBepIIeHNY MIeCTU MecsilieB HabmomeHus. [Iucdarus mpucyt-
CTBOBaJIa Y ONHOTO (2 %) mainyeHTa Bo3pacTHovi rpynnbl 21-40 net u geBsatu (18 %) mamMeHTOB BO3PACTHOM
rpyrimst 41-60 net, y mectu (14,6 %) MysKunH U deTbIpex (44 %) skeHuuH. Iycdarus y maiueHTOB C OGHUM
TOpa>keHHbIM CETMEHTOM 3aperucTpupoBaHa B 9,5 % cirydaes (4/42), c nByms cermeHTamy — B 80 % ciyuaeB
(4/5), c Tpems cermeHTamu — B 50 % ciryuaes (1/2). Y maneHTOB C ITOCIEONePalIOHHO aucdarueit cpemHss
MIPOOJIKUTENBHOCTD OTepalum cocraBuiaa 115 MunyT, cpennsis kposomnoTtepst — 171,40 mii, cpeHee naBiie-
HMe B MaHXXeTe SHJIOoTpaxeaabHOIt Tpyoku — 24,70 cm H,0. Cpenn 10 cryuaeB mmocaeonepaMoHHOl gucda-
TUY, BCTPETUBIINXCST B TeUeHMeE TTePBOil Hemeny, ONVH ObLI JIETKUM, IIeCTb YMEPEHHBIMU U TPU TSKETBIMUA.
B nmuTepatrype eCcTh HEKOTOPAST HEITOCIEI0BATENBHOCTb OTHOCUTENIBHO (haKTOPOB PMCKa ITOC/Ie0epalyiIOHHOM
nucharum.

3akmoueHue. YacToTy rocieonepanyoHHo aucdaru MOXXHO CHU3UTD 3a CYET YMEHbIIeHMs oIlepaloH-
HOJT KPOBOIIOTEPU, COKpAIeH!s IPOAOKUTEIbHOCTY ONePaTMBHOIO BMENIaTeIbCTBA U ONITUMM3aLN JaB-
JIEHVSI B MaHKeTe SHI0TpaxeasbHOl TPyOKM BO BpeMs OIepalyin.

KiroueBble cjioBa: orepalys Ha TiepeJHeM LIefHOM OT/esie TTI03BOHOYHMKA, KPOBOIIOTEDS, aB/IeHNe MaH-
SKeTbl, qucharus
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INTRODUCTION

Various cervical spine pathologies including trauma and degenerative spinal diseases require Anterior cervical
spine surgery (ACSS) [1]. The anterior approach is secure, fruitful, and rate of morbidity and mortality are low.
However, a number of complications associated with the anterior approach have been described [2]. Dysphagia
is one such complication particularly common in early postoperative period [3]. It is mild to moderate
in majority of patients and is transient in nature and resolves gradually within three months of surgery [4, 5].
Its incidence varies in the literature from 1 % to 79 % [6]. Dysphagia can prolong the period of hospital
stay and also influence the quality of life of patients in terms of food which patient can eat and difficulty
in talking to another person [7]. However, its pathophysiology has not been well understood. There are various
factors which lead to dysphagia after ACSS which include operative time, use of instrumentation, design
and thickness of plate, extent and duration of intraoperative retraction, endotracheal tube cuff pressure, use
of steroids, number of levels operated, revision versus primary surgery leading to wide variation in incidence
rates of dysphagia [8]. Other risk factors, such as gender, tobacco consumption, smoking and intraoperative
blood loss have also been associated with postoperative dysphagia [9].

This study aimed to analyze the frequency and risk factors for developing swallowing difficulty following
anterior cervical spine procedures and find an effective program to prevent and treat. This article was
previously posted to the Research Square preprint server on June 13, 2023.

MATERIALS AND METHODS

A prospective observational study was conducted on 50 patients undergoing ACSS from April 2021 to Oct 2022
at the Department of Orthopedics, Guru Gobind Singh Medical College and Hospital, a tertiary care center
in Punjab (India). Patients were in the age group of 27 to 60 years and were admitted on first come basis.
All patients were assessed clinically based on MRC power grading. Radiologic diagnoses were established
in each patient through routine preoperative cervical radiographs and cervical magnetic resonance imaging
and computed tomography scans and these were correlated with clinical findings to single out the level
of surgery. The indications for cervical surgeries were traumatic, degenerative, infective and neoplastic
involving C2 to C7 vertebra with signs of neural compression unresponsive to conservative treatment.

Exclusion criteria were: (i) Patients having preoperative dysphagia; (ii) those with history of previous ACSS;
(iii) associated cervical deformity, severe osteoporosis, ankylosing spondylitis and rheumatoid arthritis;
(iv) those with history of smoking and tobacco usage.

There were 41 male and 9 female patients in our study with an average age of 49 years. Approval for this
study was obtained from the institutional review board. Written informed consent was taken from every
patient included in our study. All surgeries were performed at a single institution. All patients were operated
under GA which included use of an inflated endotracheal cuff, pressure of which was noted in every surgery.
Every individual in this study underwent anterior cervical decompression using Smith-Robinson approach
followed by removal of cartilaginous end plates and use of structural autograft bone to achieve fusion followed
by anterior plate and screw fixation (Fig. 1, 2). The type of plate was standardized for this study and did not
vary from patient to patient except for the length of the plate. Wound was closed over drain which was removed
on second postoperative day or when the drain output was less than 30 mL. Postoperatively cervical spine
was immobilized in a rigid cervical collar. We recorded the length of each surgical procedure from incision
to closure time. Intra operative steroid used was confirmed from anesthetist. On post-operative day one,
patient was started on liquid diet and progressed to semi solid and solid food according to patient comfort
on consecutive days.

Patients were split into two group, one had patients with postoperative dysphagia and the other did not.
Data on patient gender, age, duration of surgery, surgery blood loss, segment operated and the number
of segments operated were collected (Table 1). Follow up time was 24 weeks. Post-operative assessment
of dysphagia was done within the first week post surgery followed by 12 weeks and 24 weeks by asking
the patient at each visit "Do you have any pain, sticky throat feeling or choking when swallowing solid
or liquid food?". If the patient responded that they were symptomatic, then further information was obtained
to determine the level of severity. The Bazaz grading system is commonly employed to evaluate the severity
of dysphagia and so was used in our study [8]. The system defines four grades: none, mild, moderate, and severe
dysphagia based on the subjective symptoms. Patients with no episodes of swallowing difficulty were graded
as having "none". Patients who experienced rare episodes of dysphagia and did not feel that their dysphagia
was a significant problem were graded as "mild". "Moderate" dysphagia was defined as occasional swallowing
difficulty with specific foods (ie, bread or meats). "Severe" dysphagia was defined as frequent difficult
swallowing with a majority of foods which included liquids (Table 2).
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Fig. 1. Illustrating cervical plate positioned Fig. 2. X-rays of the cervical spine: a — in the direct

at desired level fixed with screws (anteroposterior); b — lateral projections respectively after
of appropriate length ACDF
Table 1
Table showing incidence of post-operative dysphagia with respect to various different parameters
Parameters Postop Dysphagia Present Postop Dysphagia Absent Pvalue
21-40 1 14
Age Group (Years) 41-60 9 2% 0.12
Male 6 35
Gender Female 1 s 0.04
1 4 38
No of levels 2 4 1 0.0001
3 2 1
At or above C4-C5 3 13
Operated Levels Below C4—C5 ] 25 0.11
Mean Duration of Surgery (mins) 91.25 115 0.006
Mean Blood Loss (ml) 130.8 171.4 0.0006
Mean ET tube cuff pressure (cm H,0) 22.7 24.7 0.000023
Table 2
Table showing grades of post-operative dysphagia with number of dysphagia cases at each follow up
. No of Cases
Grades of Dysphagia Within first week 12 weeks 24 weeks
None 40 46 50
Mild 1 1 0
Moderate 6 3 0
Severe 3 0 0
RESULTS

The study included 50 patients. Within first week of surgery, the incidence of dysphagia was 20 % (10/50) which
reduced to zero at completion of six months of follow-up. The average age in our study was 49 years. According
to age group, dysphagia was present in 2 % (1/50) patients in age group 21-40 years and 18 % (9/50) patients
in age group of 41-60 years, but difference was not found to be statistically significant (P value = 0.12). Ratio
of male to female was 4:1 (40 males, 10 females). 14.6 % (6/41) males and 44 % (4/9) of females had dysphagia
and the difference between the two groups was found to be statistically significant (P value = 0.04).

According to the number of levels that were operated, prevalence of dysphagia in patients involving one level
was 9.5 % (4/42), two levels was 80 % (4/5) and three levels was 50 % (1/2) and the difference between
the three groups was found to be statistically significant. (P value = 0.0001). To assess if surgical level played
a role, we evaluated the prevalence of dysphagia after single-level procedures at C4-5 and above (upper
cervical segment) and prevalence of dysphagia after single-level procedures below C4-C5 (lower cervical
segment). Patients in which upper cervical segment was operated accounted for 18.8 % (3/16) of dysphagia
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cases while patients in which lower cervical segment was operated constituted only 3.8 % (1/26) of cases.
Thus, cases were more in patients in which upper cervical segment was involved, however, the difference
between the two groups was not found to be statistically significant (P value = 0.11).

Similarly, we performed additional statistical analysis to determine association of duration of surgery, blood
loss, endotracheal cuff pressure on incidence of dysphagia in immediate postoperative period. Mean duration
of surgery in patients with post-operative dysphagia was 115 mins and mean duration of surgery in patients
without post-operative dysphagia was 91.25 mins and this difference was significantly higher (P value = 0.006).
Mean blood loss in patients with post-operative dysphagia was 171.40 mL which was significantly higher
than mean blood loss in patients without post-operative dysphagia was 130.8 mL (P value = 0.0006).

Mean Et (endotracheal) tube cuff pressure in patients with post-operative dysphagia was 24.70 cm H,0 which
was also significantly higher than mean Et tube cuff pressure in patients without post-operative dysphagia
which was 22.70 cm H,0 (P value = 0.000023).

Severity of dysphagia was also assessed based on the time that has passed after surgery. Within the first week
of surgery, there were 10 cases of dysphagia out of which one was mild, six were moderate and three were
severe. After 12 weeks, there were one mild, three moderate and zero severe cases of dysphagia. 24 weeks
after surgery, prevalence of dysphagia cases was zero. Thus, there was a declining trend in the number of cases
of dysphagia as well as severity of cases as the duration of follow up increased (Table 2).

DISCUSSION

Anterior approach to the cervical spine has served well in treating many spinal pathologies from diverse
etiologies like degenerative, traumatic, oncologic, inflammatory, and congenital [9]. Although morbidity
and mortality rate associated with ACSS is less, dysphagia is very likely to occur [9]. It has been postulated
that oesophageal oedema and traction injury of the nerves involved in the swallowing mechanism are
to blame [10].

Several studies have reported the risk factors associated with dysphagia after ACSS, but the results showed
wide-range of variations and hardly could draw any firm conclusions [10]. Most common factors associated
are advanced age (aged > 60 years), female gender, increase number of operated levels and increased operative
time [11]. M.]. Lee et al. carried out a study with two years follow up, and found that apart from the above
mentioned factors, revision surgeries were also risk factors for dysphagia after ACSS [12].

Older patients (aged > 60 years) are at increased risk for postoperative dysphagia [7]. Although authors of several
studies found no correlation between age and dysphagia, study by S. Kalb et al. found that the mean age
of dysphagic and nondysphagic patients was significantly different (55 and 50 years, respectively, P = 0.05) [9]
This could be explained by anatomic and physiological changes seen in elderly patients like weakening
of swallowing muscles, decrease in salivary secretions and decrease in elasticity of oesophagus [14]. In our
study also, 34.6 % (9/26) of patients in age group 41-60 years had post-operative dysphagia while only 7.1 %
(1/14) of patients in age group 21 to 40 years had postoperative dysphagia, however the difference was not
statistically significant (P value = 0.12).

Gender is another factor found to predispose the patient to dysphagia post cervical spine surgery.
In a few studies the prevalence of dysphagia has been greater in women than men as the former have small
anatomical structures, weak muscle strength and higher pain sensitivity [4, 9, 15]. In a study by M.]. Lee et al.
the frequency of dysphagia was more in females (18.3 %) than males (9.9 %) two years after the surgery [12].
R.Bazaz et al. in his study reported that though the frequency of dysphagia was not significantly different
between men and women in the 1-2 months postoperatively, but in the sixth month of follow-up, the incidence
was 24.7 % in women, while 11.7 % in men and this difference was significant (P =0.023) [16]. In our study,
incidence of dysphagia among females (44.4 % i.e. 4/9) was more compared to males (14.6 % i.e. 6/41)
at the first follow-up and the difference was also statistically significant (P value =0.04) thus showing
that female gender is a risk factor.

The cervical levels involved have also been evaluated to determine whether they have a part in the occurance
of postoperative dysphagia. In upper cervical spine, retropharyngeal space is more than inferior cervical spine
due to which soft tissue swelling is more severe, which makes the postoperative dysphagia aggravate [12].
Another reason for increased dysphagia rates in upper cervical spine is that the superior laryngeal nerve
sometimes becomes visible when surgical site is at the level of C3/4 or C2/3, due to which chances of causing
superior laryngeal nerve damage increases [17]. Chin et al. also found that highest level of plate position
at C3 had proportionately increased prevalence of dysphagia than surgery at C4 and below [18]. Many other
studies have shown that surgery at a higher level (C3-C4) where there is a smaller soft-tissue envelope would
result in increased dysphagia rates [12]. However, study conducted by M.]. Lee et al. did not support these
findings [12]. We also studied the difference in frequency of dysphagia cases post single-level procedures
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at upper and lower cervical segment. Patients in which upper cervical segment was operated, prevalence
of dysphagia was 18.8 % (3/16) while patients in which lower cervical segment was operated, prevalence was
3.8 % (1/26), however the difference was not statistically significant (P value = 0.11).

In comparative studies conducted after ACSS, post-operative dysphagia was commonly seen with multiple
level surgeries as it increases retraction time, prolongs surgery time and leads to more soft tissue
swelling [5]. Similarly in a study by S. Kalb et al. on an average, dysphagic patients had 2.2 levels operated
as opposed to 1.84 in non dysphagic patients [9]. L.H. Riley et al. found that incidence of postoperative
dysphagia in the patients with two or three surgical segments were higher than one segment [1]. In study
by M.]. Lee et al., prevalence ratio suggested that patients with surgery at three or more levels are almost
twice as likely to experience long-term dysphagia than patients with surgery at less than three levels [12].
M.]. Lee et al. and R. Bazaz et al. found that patients who underwent ACSS at multiple level had a significant
risk of swallowing difficulty in contrast to those who underwent surgery at single-level at four and eight
weeks follow-up [12, 16]. A. Frempong-Boadu et al. too showed that ACSS done at multiple level showed an
increased frequency of postoperative swallowing difficulty as compared to those who underwent single level
surgery [19]. In the present study, swallowing abnormality was present in 9.5 % (4/42) of patients operated
at single level, 80 % (4/5) of patients operated through two levels and 50 % (1/2) of patients operated through
3 levels and the difference between the three groups was found to be statistically significant (P value = 0.0001).

Time span of procedure was another factor which was examined in this study. Increased duration of surgery
leads to traction on trachea and esophagus for extended duration which makes soft tissue swelling escalate.
Therefore, the incidence of post-operative dysphagia rises [20]. In a study by A. Yoshizawa et al. duration
of surgery more than 200 min was associated with post-operative dysphagia [21]. In a similar study
byR. Xueet al. more operationtime (P value = 0.012) was associated withincreased prevalence of post-operative
dysphagia [21]. In our study, mean duration of surgery in patients with post-operative dysphagia was 115 mins
which was significantly higher than mean duration of surgery in patients without post-operative dysphagia
was 91.25 mins (P value = 0.006).

Blood loss during surgery is another risk factor whose association with dysphagia was looked for. In a study
conducted by A. Yoshizawa et al. blood loss more than 100 ml was associated with post-operative dysphagia[21].
In a similar study by L.H.Riley et al. blood loss superior to 300 ml was associated with an enhanced risk
of dysphagia following ACSS [1]. In our study, mean blood loss in patients with post-operative dysphagia was
171.40 ml which was significantly higher compared to patients without post-operative dysphagia in which
postoperative blood loss was 130.84 ml (P value = 0.0006).

Observing the endotracheal tube cuff pressure is recommended during ACSS [22]. Keeping the pressure between
15 and 25 cm H,0 is considered important for preventing post-surgical dysphagia [23]. Pressures below 15 cm
H,0 can lead to gas leakage and aspiration, while pressures more than 25-30 cm H,0 may cause decrease
in tracheal wall capillary blood flow leading to mucosal ischemia, tracheomalacia, tracheal stenosis, tracheal
rupture, and tracheoesophageal fistula due to a [23]. In the study by Ural et, risk of developing post-surgical
dysphagia significantly decreased with an endotracheal cuff pressure of 20 cm H,O compared to 25 cm H,O [3].
G. Grasso et al. reported a significant reduction in the rate of early dysphagia when the cuff pressure was
reduced [24]. In our study, mean Et tube Cuff pressure in patients with post-operative dysphagia was 24.70 cm
H,0 which was significantly more than mean Et tube cuff pressure in patients without post-operative dysphagia
which was 22.70 cm H,0 (P value 0.000023). Thus, mean Et tube cuff pressure is an essential risk factor to be
taken care of during ACCS.

Swallowing difficulties after ACSS are usually transient in nature. J.A. Rihn et al found that the prevalence
of dysphagia had declined to 8 % at 12 weeks [5]. Similarly, R.Bazaz et al. reported that the frequency
decreased to 50.2 % at one month post-operatively, and decreased further to 32.2 %, 17.8 % and 12.5 % by two,
six and twelve months postoperatively, respectively [16]. A prospective study by M.]. Lee et al. found a similar
decreasing incidence of 54.2 %, 33.6 %, 18.6 %, and 13.6 % at one, two, six and 12 months postoperatively,
respectively [12]. Our own study observed an initial incidence of dysphagia of 20 % within the first week
after surgery, which subsequently decreased to 8 % at the 12 week mark and zero at 24 weeks which is
comaparable to the above-mentioned studies. Thus prevalence of dysphagia following ACSS was high initially,
but gradually decreased in both incidence and severity over time, indicating it as a common early complication.

However, there are several limitations in this study. Firstly, the study had a limited sample size due to which
accuracy and efficacy of our results on dysphagia assessment were not high enough. A randomized control
studies with a larger sample size and a long-term follow-up is necessary to further determine the outcomes.
Secondly, the dysphagia was reported just basing on the subjective feeling of patients, which may not be
completely reliable as it is not a universally accepted method for determining and measuring dysphagia.
Moreover in our study we had majority of patients with single level operated. This selection bias could be
eliminated by more randomized controlled studies in future.
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CONCLUSION

Discomfort in swallowing after ACSS is a relatively usual phenomenon within the first week of surgery.
It is, nevertheless temporary with maximum number of cases settling within 3 months. Despite the fact
that some inconsistency is there in the literature regarding risk factors it can be safely concluded from our
study that incidence of post-operative dysphagia can be reduced by decreasing blood loss, reducing surgery
time and optimizing Endotracheal tube cuff pressure during surgery.
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