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ORIGINAL ARTICLE SPINE SURGERY AND RELATED RESEARCH

Postoperative Complications and Survival Rate in Hemodialysis-
Dependent Patients Undergoing Cervical Spine Surgery
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Abstract:
Introduction: Spine surgery is challenging in hemodialysis (HD)-dependent patients owing to their poor general condi-

tion. However, postoperative complications and the mortality and survival rates have not been specifically evaluated in a

wide series. This study aimed to elucidate postoperative complications and the survival rate in cervical spine surgery in HD

patients.

Methods: This study included 109 HD patients (70 men, 39 women) who had undergone cervical spine surgery between

July 1996 and May 2018. Based on radiological diagnosis, we divided them into the destructive spondyloarthropathy (DSA)

and non-DSA groups. We investigated the causes of hemodialysis, postoperative complications, postoperative inpatient mor-

tality rate, and survival rate.

Results: The DSA and non-DSA groups included 100 surgeries in 89 patients and 21 surgeries in 20 patients, respec-

tively. The mean age at surgery was 62.9 years for the DSA and 55.9 years for the non-DSA group (P=0.97). The DSA

group had a shorter hemodialysis period at surgery compared with the non-DSA group (21.7 vs. 26.5 years, P<0.05). The

two most common causes of HD in both groups were chronic glomerulonephritis (DSA, 45%; non-DSA, 57.1%) and diabe-

tes (DSA, 11%; non-DSA, 14.5%). Postoperative complications were observed in 23% (23/100) and 19% (4/21) of surgeries

in the DSA and non-DSA groups, respectively (P=0.782). The total in-hospital mortality rate was 2.5% (3/121). The 1-, 3-,

5-, and 10-year postoperative survival rates of all patients were 89.6%, 75.5%, 67.1%, and 44.7%, respectively. The survival

rates did not depend on the group (DSA vs. non-DSA), pre- and postoperative Japanese Orthopedic Association score for

cervical myelopathy, hemodialysis period, sex, and age (P>0.05). However, significantly low survival rates were observed in

HD caused by diabetes compared with that by chronic glomerulonephritis (P<0.001) and other causes (P<0.001).

Conclusions: Cervical spine surgery in HD patients is associated with postoperative complications. The postoperative sur-

vival rate was found to be low if the cause of hemodialysis was diabetes.
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Introduction

Since the first report on destructive spondyloarthropathy

(DSA) by Kuntz et al., spine lesions have been well recog-

nized in hemodialysis (HD) patients1). The cervical spine is

the most common site for HD-related lesions. Cervical DSA

may cause serious myelopathy and require surgical treat-

ment2-5). Apart from DSA, long-term HD patients may also

develop spinal canal stenosis due to amyloid deposition and

calcification in the spinal canal with scarce X-ray

changes3,6,7). In addition, several reports have described upper

cervical lesions in long-term HD patients8-11). The upper cer-

vical lesions include periodontoid pseudotumor and atlan-

toaxial or occipitoatlantal DSA8-11). Periodontoid pseudotu-

mor causes myelopathy or radiculopathy, and DSA causes

myelopathy or posterior neck pain. Odontoid process frac-

ture with consequent severe instability in the upper cervical

spine has also been reported in patients with atlantoaxial

DSA. For the cervical spine lesions in long-term HD pa-

tients, conservative treatment is not effective, and surgical
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treatment is often required8-11). However, surgical treatment in

long-term HD patients may cause serious postoperative com-

plications, including death, given that the general conditions

of these patients are usually poor12-15). Several reports have

described the clinical surgical outcomes of HD patients with

cervical spine lesions2-5,7). However, previous studies on the

postoperative complications and survival rate in cervical

spine surgeries were of limited power as they were based on

very small case series. Therefore, in this study, we analyzed

the postoperative complications and survival rate in cervical

spine surgeries of more than 100 patients with long-term

HD from a single institution.

Materials and Methods

This study included 121 surgeries in 109 HD patients

who had undergone surgery for HD-related lesions of the

cervical spine at our hospital between July 1996 and May

2018. Those who had undergone cervical spine surgery for

other diseases, such as ossification of the posterior longitu-

dinal ligament, spondylosis, and rheumatoid arthritis, were

excluded from this study. All patients underwent cervical

spine X-ray, magnetic resonance imaging (MRI), and com-

puted tomography (CT) imaging preoperatively. Diagnosis

of DSA was made via X-ray. The patients were categorized

as the DSA group if the X-ray findings indicated that the

vertebral endplates and intervertebral disc spaces were of

Grades II and III based on the classification reported by

Chin et al. (distinct bony erosion or radiolucent lesions in

endplates and narrowed intervertebral disc space - grade II;

absence of the intervertebral disc space - grade III)16). Insta-

bility of the cervical spine was defined as more than 3 mm

of spondylolisthesis in the lateral flexion and extension X-

ray. The upper cervical DSA indicated the existence of cysts

or destruction at the occipitoatlantal or atlantoaxial joints or

instability in these joints8,9). Patients with cervical spinal

stenosis observed on MRI due to amyloid deposition with-

out DSA changes on X-ray and CT were categorized as the

non-DSA group. On the DSA group, we performed en bloc

laminoplasty (LP) for the cases with lordotic alignment and

without instability on X-ray17). Posterior spinal fusion with

lateral mass or pedicle screws was performed in addition to

LP for patients with instability. Local kyphosis that was not

reduced on extension X-ray required anterior spinal fusion

(ASF) with a plate, in addition to LP. For the upper cervical

DSA, atlantoaxial fusion with transarticular screws and

Brooks’ procedure was performed if the DSA change was

restricted to the atlantoaxial joints. Occipitocervical fusion

was performed in patients with atlanto-occipital DSA. For

the non-DSA group, LP was performed in patients with lor-

dotic alignment on X-ray, whereas ASF was performed if

the alignment was kyphotic.

The patients’ characteristics, HD causes, surgeries per-

formed, pre- and postoperative Japan Orthopedic Association

(JOA) scores for cervical myelopathy, postoperative compli-

cations, postoperative mortality, and postoperative survival

rate were noted. The modified (m) JOA score could be 14

as a maximum, because 3 points were deducted from the

original maximum score of 17 due to difficulty in evaluating

bladder function in HD patients. For patients who had un-

dergone several surgeries, the postoperative complications

were evaluated for each surgery. The survival rate was inves-

tigated using medical records of our institute and hospitals

where the patients died. The survival rate of patients who

underwent multiple surgeries was counted from the time of

the first surgery.

Continuous data were expressed as mean±standard devia-

tion for normally distributed data and as median (interquar-

tile range) for non-normally distributed data. Between-group

comparisons were performed using the t-test for normally

distributed variables and the Mann-Whitney U test for non-

normally distributed variables. Categorical data were ex-

pressed as number and percentage (%), and intergroup dif-

ferences were analyzed using Fisher’s exact probability test.

P values less than or equal to 0.05 were considered statisti-

cally significant. These analyses were conducted in SPSS

version 22.0 for Windows (IBM Japan, Tokyo, Japan). Log-

rank tests for survival rate analysis were based on the

Kaplan-Meier method using R version 3.5.2 (R Foundation

for Statistical Computing, Vienna, Austria).

The study was approved by the review board of our insti-

tute (No. 5801). In this study, the medical records of pa-

tients who have undergone a specific procedure for clinical

purposes were retrospectively reviewed. Therefore, this

study is of no more than minimal risk to subjects; thus, the

need for informed consent has been waived by the IRB.

Results

The DSA group included 100 surgeries in 89 patients,

whereas the non-DSA group included 21 surgeries in 20 pa-

tients (Table 1). The male-to-female ratio was not signifi-

cantly different between the groups (P=0.333; Table 1). The

mean age at surgery was 62.9±7.5 years in DSA group and

59.9±6.8 years in the non-DSA group (P=0.097). The most

common cause of HD in both groups was chronic glomeru-

lonephritis (CGN), followed by diabetes mellitus (DM) (P=

0.587, Table 1). The operative time was significantly longer

in the DSA than in the non-DSA (P<0.05) group, whereas

intraoperative blood loss was lower in the DSA than in the

non-DSA (P<0.05) group. The mean preoperative and post-

operative mJOA scores were not significantly different be-

tween the groups (P=0.448 and P=0.246, respectively). Like-

wise, the mean recovery score was not significantly different

between the groups (P=0.557) (Table 2). The types of sur-

gery performed in both groups are presented in Table 3.

Postoperative complications were observed in 23% (23/

100) of surgeries in the DSA group and 19% (4/21) in the

non-DSA group (P=0.782) (Table 4). Three individuals in

the DSA group and none from the non-DSA group died in

the hospital. The in-hospital mortality rate was 2.5% (3/121)

in all cases. The causes of death were aspiration pneumonia
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Table　1.　Patients’ Characteristics.

DSA group 

(n=100) 

Non-DSA group 

(n=21) 
P

Sex (male:female) 64:36 11:10 0.333a

Age (yr) 62.9±7.5 59.9±6.8 0.097b

Dialysis period (yr) 21.7±8.2 26.5±8.4 0.018*b

Cause of dialysis 0.383a

Chronic glomerulonephritis 45 (45%) 21 (57.1%) 

Diabetes 11 (11%)  3 (14.3%) 

Toxemia of pregnancy 4 (4%)  2 (9.5%) 

Nephrotic syndrome 4 (4%)  2 (9.5%) 

Polycystic kidney disease 4 (4%)  0

Nephrosclerosis 3 (3%)  0

Others 8 (8%)  1 (4.8%) 

Unknown 21 (21%)  1 (4.8%) 

Data expression: n, %

P-value: a, Fisher’s exact test; b, unpaired t-test, *, statistically significant

Table　2.　Surgical Results.

DSA group 

(n=100) 

Non-DSA group 

(n=21) 
P

Operative time (min) 196.8±86.0 155.7±56.4 0.039*b

Blood loss (mL) 443.6±469.1 792.9±871.9 0.011*b

mJOA score

Preoperative 4.4±2.9 3.9±2.0 0.448b

Postoperative 8.9±3.3 8.0±3.0 0.246b

Recovery 4.5±2.9 4.1±2.8 0.557b

mJOA, modified Japanese Orthopaedic Association

Data expression: n, %

P-value: b, unpaired t-test, *, statistically significant

Table　3.　Types of Surgery Performed.

Surgery
DSA 

 (n=100) 

Non-DSA 

 (n=21) 
P

Laminoplasty

Laminoplasty+ASF

Laminoplasty+posterior fusion (LM) 

Laminoplasty+posterior fusion (PS) 

ASF

Occipito-cervical fusion

MB+laminoplasty

Others

49 (49%) 

12 (12%) 

10 (10%) 

10 (10%) 

9 (9%) 

3 (3%) 

3 (3%) 

4 (4%) 

19 (90.5%) 

 0

 0

 0

 1 (4.8%) 

 0

 0

 1 (4.8%) 

0.436a

ASF, anterior spinal fusion, LM, lateral mass screw, PS, pedicle screw, MB, Magerl and 

Brooks procedure

Data expression: n, %

P-value: a, Fisher’s exact test

in one case and gastrointestinal perforation in two cases. No

surgical site infection was observed. We also compared the

surgical results between patients on HD for more than 21

years and those on HD for less than 20 years. No significant

difference was observed in the postoperative complications

between the two groups (Table 5).

The postoperative survival rates of all patients were

89.6%, 75.5%, 67.1%, and 44.7% at 1, 3, 5, and 10 years

(Fig. 1A). The survival rates did not depend on the group

(DSA vs. non-DSA), preoperative HD duration (�21 vs. <21
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Table　4.　Postoperative Complications.

Complications
DSA 

(n=100) 

Non-DSA 

(n=21) 
P

Gastrointestinal dysfunction 6 (6%) 2 (9.5%) 0.626

Coronary artery disease 2 (2%) 1 (4.8%) 0.439

Pneumonia 3 (3%) 0 >0.999

Neurological deterioration 2 (2%) 1 (4.8%) 0.439

Hyperkalemia 2 (2%) 0 >0.999

Consciousness disorder 2 (2%) 0 >0.999

Others 8 (8%) 2 (9.5%) 0.684

Total 23 (23%) 4 (19%) 0.782

Inpatient mortality 3 (3%) 0 >0.999

Data expression: n, %

P-value: Fisher’s exact test

Table　5.　Comparison of Surgical Results between Patients on Hemodialysis 

for More than 21 Years and Those on Hemodialysis for Less than 20 Years.

HD<20years

 (n=47) 

HD>21years 

 (n=74) 
P-value

Sex (male:female) 32:15 43:31 0.338a

Age (yr) 65.8±7.6 60.2±6.5 <0.001*b

Dialysis period (yr) 13.8±4.8 28.1±4.5 -

Operative time (min) 185.2±90.6 191.9±77.9 0.672b

Blood loss (mL) 382.8±384.3 587.4±660.6 0.063b

Complications

Gastrointestinal dysfunction  5 (10.6%)  3 (4.1%) 0.259a

Coronary artery disease  0 (0%)  3 (4.1%) 0.281a

Pneumonia  0 (0%)  3 (4.1%) 0.281a

Neurological deterioration  1 (2.1%)  2 (2.7%) >0.999a

Hyperkalemia  2 (2%)  0 0.149a

Consciousness disorder  2 (2%)  0 0.149a

Others  3 (6.4%)  7 (9.5%) 0.739a

Total 12 (25.5%) 15 (20.3%) 0.510a

Inpatient mortality  1 (2.1%)  2 (2.7%) >0.999a

Data expression: n, %

P-value: a, Fisher’s exact test; b, unpaired t-test, *, statistically significant

years), pre- and postoperative mJOA scores, age at surgery

(�65 vs. <65 years), and the time period at which the sur-

gery was performed (early group: July 1997-May 2006 vs.

late group: May 2006-August 2012). However, the survival

rates significantly depended on the HD causes (DM vs. non-

DM, P=0.008; DM vs. CGN, P=0.0001; Fig. 1B, C). Diabe-

tes was associated with worse survival rate compared with

other HD causes.

Discussion

In this study, we reported the postoperative complications

and survival rate in cervical spine surgery among 121 sur-

geries in 109 HD patients. In our study, the most common

cause of HD was CGN, followed by DM (CGN: 45% in the

DSA group, 57.1% in the non-DSA group; DM: 11% in the

DSA group, 14.3% in the non-DSA group). According to

the annual dialysis report by the Japanese Society for Dialy-

sis Therapy in 2017, the most common cause of HD at the

end of 2017 was diabetic nephropathy (39.0%), followed by

CGN (27.8%)18). This study demonstrated that HD was

caused by DM in 20% and CGN in 50% of cases in 1996,

the starting year of our study. The prevalence of DM con-

tinuously increased and eventually replaced CGN as the

most common cause of HD in 201118). The percentage of

DM has continuously increased since 2011, although the

rate of increase has slowed down in recent years, whereas

the percentage of CGN has steadily declined18). This study

indicated that in the future, DM will likely become the main

cause of HD in patients undergoing cervical spine surgery.

We performed more complicated surgeries, such as fusion

or anterior and posterior surgeries, in the DSA group, which

included cases with instability and severe deformity. On the

contrary, the non-DSA group was treated with LP alone in

most cases. Therefore, the operative time was significantly

longer in the DSA group than in the non-DSA group.

Chikawa et al. and Yamada et al. also reported that the op-

eration time was longer in the DSA group due to more fre-

quent fusion surgeries7,19). However, intraoperative blood loss

was lower in the DSA group, which might be in part due to

the shorter duration of HD compared with the non-DSA

group. Indeed, longer HD duration might cause fragility of

the blood vessels and other tissues and lead to hemor-

rhage20,21). The recovery rates of the mJOA score in the DSA

and non-DSA groups were 4.5 and 4.1, respectively, which

is in agreement with the previous reports2,7,19,22).

Recently, using national database, Chikuda et al. has re-

ported the postoperative complication rate of spine surgeries

in HD patients (9.55%), which was higher than that in non-

HD patients (3.63%)12). Chung et al. investigated the postop-
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Figure　1.　Kaplan–Meier analysis of postoperative survival rates of all HD patients 
(A), patients with diabetes (DM) vs. non-DM (B), and chronic glomerulonephritis 
(CGN) vs. DM (C).

AA

BB

CC
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erative complication rate in elective lumbar spine surgeries

in HD patients and reported major and minor complication

rates of 8.1% and 39.6%, respectively14). Ottesen et al. re-

ported that the postoperative complication rate in elective

spine surgeries in HD patients and major and minor compli-

cation rate were 25.91% and 7.71%, respectively13). The

postoperative complication rates in the DSA and non-DSA

groups were 23% and 19%, respectively, which were almost

equivalent to those in previous reports. The in-hospital mor-

tality rate in this study was 2.5%. Previous reports based on

large-scale national database revealed 1.9%-4.05% in-

hospital mortality rate in HD patients who underwent any

spine surgery12-14), which was almost identical to our results.

We also compared the surgical results between patients on

HD for more than 21 years and those on HD for less than

20 years. Contrary to our expectation, no significant differ-

ence was observed in the postoperative complications be-

tween the two groups. Based on our results, the HD dura-

tion is not associated with postoperative complications.

Other authors reported higher mortality rates in single-center

case series (9.1%-11.8%), which was higher than our larger

scale data19,22). This might be because the number of cases in

those reports was relatively low9,22). Inoue et al. reported 48

cases of decompression surgery of the cervical spine in HD

patients23). They reported that the postoperative rates of se-

vere complications and mortality were not significantly dif-

ferent between the HD and non-HD groups. They suggested

that decompression surgery alone is a rational, less-invasive,

surgical method. However, in our study, one of the cases

with lethal outcome due to gastrointestinal perforation was

previously subjected to cervical decompression only; there-

fore, the risk of mortality exists even in decompression sur-

gery.

Hitherto, the postoperative survival rate of HD patients

who underwent cervical spine surgery has not been reported

on a large-scale. Kumar et al. reported that four out of eight

(50%) patients who had undergone cervical spine surgery

died within 1 year after the surgeries24). Chikawa et al. inves-

tigated the postoperative survival rate in spine surgery in 33

HD patients7) and reported that the postoperative survival

rate at 49 months was 72.8%. In this study, the postopera-

tive survival rates of cervical spine surgery in HD patients

were 89.6%, 75.5%, 67.1%, and 44.7% at 1, 3, 5, and 10

years. Nagai et al. investigated the survival rate of general

HD people at an average age of 62.1 years; this age is al-

most the same as that in our study. They reported that the

survival rate of this population at 5 years was 76.2%,

slightly better than that in our study. This might be partly

because the mean duration of HD in their study was 8.6

years, compared with more than 20 years in our study25).

Hence, HD patients who underwent cervical spine surgery

were likely in worse general condition due to longer HD du-

ration.

We also investigated the factors affecting the survival

rates. Survival rate did not depend on the group (DSA vs.

non-DSA group), preoperative HD duration, pre- and post-

operative JOA score, age at surgery, and period at which the

surgery was performed. In contrast, the survival rates dif-

fered depending on the HD cause (DM vs. non-DM, DM vs.

CGN). Specifically, when the cause of HD was DM, the 5-

year survival rate was the worst (below 50%). According to

the report by Nagai et al., the presence of DM was one of

the factors of shorter survival25). Currently, DM has become

the main cause of HD; therefore, we can expect that the

postoperative survival rate in spine surgery in HD patients

will also decrease.

The primary limitation of this study was that it was a ret-

rospective study conducted at a single institute, not a multi-

center large-scale study. Therefore, the medical standard of

the institute affected the postoperative complications and

mortality rate. Another limitation may be a discrepancy in

the patient numbers between the DSA and non-DSA groups.

Furthermore, since the study period was long (1996-2018),

the technique of surgery, postoperative care, and way of HD

might have improved in this period, thereby possibly affect-

ing the postoperative complications and mortality and sur-

vival rates. However, the survival rate between the early and

late groups was not significantly different.

In conclusion, cervical spine surgery in HD patients was

associated with a high risk of postoperative complications.

However, the complication rate did not differ between the

DSA and non-DSA groups, although the operation time was

longer in the DSA group and intraoperative bleeding was

greater in the non-DSA group. The postoperative survival

rate of HD patients undergoing cervical spine surgery was

worse if the cause of HD was DM. Therefore, patients un-

dergoing HD due to DM should be monitored more care-

fully after cervical spine surgery to reduce the risk of nega-

tive outcomes and mortality.
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