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ABSTRACT

Objec�ve:  To explore the influence of systemic disease on the immediate and long-term outcome of 
surgery for lumbar spinal canal stenosis.   
Design:  A reprospec�ve, cohort study.
Methods:  This was a retrospec�ve, observa�onal cohort study of 139 pa�ents operated for lumbar 
spinal canal stenosis in a single center between 2010 and 2019. Each pa�ent was individually followed up 
for a minimum of two years. The biodata, systemic diseases MRI findings, and outcomes were 
determined and recorded, in addi�on to intraopera�ve, early, and late complica�ons. At six months and 
two years, a ques�onnaire was filled through either an emailed copy or telephone interview. During 
analysis, two groups were formed, those with systemic disease and those without and results compared. 
Sta�s�cal tools such as ANOVA, chi square, and Student t-test were used to determine the significance of 
the differences in the groups. Mul�ple linear regressions were used to iden�fy the predic�ve 
comorbidi�es.
Results:  Pa�ents with systemic disease were not only older but also had a higher BMI. The comorbidity 
had a significant impact on hospital stay, post-opera�ve infec�on, change in vas and ODI. There were no 
differences in the rate of intraopera�ve or late complica�ons (p > 0.05).  Linear regression showed that 
for every diabe�c, has a 1.5 higher chance of a complica�on than a non-diabe�c (p = 0.012) a�er spinal 
surgery.   
Conclusions:  Systemic diseases have a nega�ve impact on the outcome a�er decompression for spinal 
stenosis. Op�mizing pa�ents with comorbidity, par�cularly diabetes mellitus, is encouraged for the best 
possible outcome.  
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INTRODUCTION

Lumbar spinal canal stenosis is a frequent cause of 
claudica�on associated with low back pain and leg 
pain. Apart claudica�on, which is considered 
pathognomonic, early signs include bu�ock, and 
lower extremity pain with or without numbness. 
Untreated, the condi�on may lead to significant 
disability. Reports from the developed world, 
indicate that lumbar spinal stenosis is a disease of the 
elderly and a leading cause of  spinal disorders (1). In 
the developing world where growth retarda�on and 
stun�ng are rampant, the condi�on appear to cause 
disability in younger pa�ents (2,3). The narrowness 
of the spinal canal is worsened by degenera�on and 
deformi�es of the surrounding �ssues; discs, 
ligamentum flavum and facet joints which become 
deformed and arthri�c. Facet joints become 
deformed and arthri�c, while hypertrophy of the 
ligamentum flavum and disc prolapse substan�ally 

reduce the spinal canal of a par�cular segment or 
segments. Consequently, the reduced canal size 
result in spinal cord and nerve root compression, 
hence the symptoms. Failure in conserva�ve 
treatment calls for surgical decompression to remove 
the symptoms, improve walking ability and overall 
quality of life (4). Decompression is done either by 
the minimum approaches or the tradi�onal open 
surgery. Open decompression is commonly done 
through laminectomy, hemilaminectomy or 
foraminotomy which  may  inc lude  media l 
facetectomy and occasionally par�al discectomy 
(5,6). The long-term results of decompression for 
spinal decompression are variable, with some 
pa�ents showing drama�c improvement on various 
pa�ent outcomes (7). Burgstaller et al. (8) in a 
prospec�ve mul�center study, showed surgical 
treatment to have more favorable clinical outcomes 
with a sustained effect over �me, compared to 
nonsurgical treatment; but Adamova et al. (9) 
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reported sa�sfactory improvement in only 61% of the 
cases.
   Apart from the surgical approach and other 
technical issues, it is possible there are host factors 
that influence outcome. The effect of general 
comorbidity on the outcome of surgical de-
compression has been studied (10). In one study, 
depression, cardiovascular comorbidity, scoliosis, 
and other disorders that influence the  walking 
ability, were found to have poorer subjec�ve 
outcome (11,12). While in another study smoking, 
long dura�on of leg pain, presence of malignancy, 
and neurological condi�ons were found to be 
associated with pa�ent dissa�sfac�on a�er 1 year 
(13). However, inves�ga�ons of the effect of systemic 
disease on the outcome of surgery for spinal stenosis 
has not been done. A large meta-analysis, however, 
found frailty as a predictor of mortality, long hospital 
stays, and discharge disposi�on in several dis�nct 
spinal surgery popula�ons (14). 
      Our hypothesis is that systemic disease influences 
pa�ent related outcomes, such as sa�sfac�on, pain, 
and ac�vi�es of daily living.  The effect of diabetes 
mellitus, hypertension, obesity, cardiac and renal 
diseases on pa�ent outcomes have been scan�ly 
studied. Hyperglycemia for example is known to 
impair leucocyte func�on and cause immuno-
compromise which is likely to cause superficial and 
deep �ssue infec�on (15). Surgical site infec�on 
results in significant morbidity in the postopera�ve 
period and may lead to increased chance of 
reopera�on, prolonged hospitaliza�on, and even 
death (16). 
      The effect of uncontrolled hypertension has also 
not been fully elucidated except in one study where 
pre-opera�ve high blood pressure values were 
related to higher frequency of postopera�ve spinal 
epidural haematoma (17). Obesity, on the other hand 
is expected to perhaps result in increased intra-
opera�ve complica�ons due to restricted space, 
�ssue damage and increased blood loss. In one study, 
non-obese pa�ents were reported to have be�er 
back pain scores two years postopera�vely and with 
extended hospital stay, and a tendency to require 
administra�on of more blood products than non-
obese when fusion is performed (18). 
 Depression, cardiovascular disease, chronic 
kidney disease, osteoarthri�s and smoking have 
been men�oned as predictors of outcome a�er 
spinal surgery (11,13,19).
       This study inves�gates the effect of systemic 
disease on the outcome of surgery for lumbar spinal 
stenosis.

MATERIALS AND METHODS

This was a retrospec�ve study of all cases operated 
for lumbar spinal stenosis between 2010 and 2019.  
Consent was obtained from the ins�tu�onal review 
board allowing the study and use of pa�ent files to 
obtain data. 

Pa�ent recruitment: Details of consecu�ve pa�ents 
operated for lumbar spinal stenosis from 2010 to 
2019 were entered into a data sheet. These details 
include the biodata, comorbidity and previous 
medical history, measurements of height, weight, 
and baseline blood pressure. A�er ten years, 268 
pa�ents had been operated but only 139 could be 
analyzed.

Inclusion and exclusion criteria: The study included all 
adults above 18 years who were operated for lumbar 
spinal stenosis during the study period. Those 
pa�ents who completed a two year follow up and 
filled a pa�ent outcome ques�onnaire at about two 
years were included in the study. Excluded from the 
study were all pa�ents with incomplete records, 
trauma�c condi�ons, those with spine infec�ons, 
tumours, or severe osteoporosis. Also excluded were 
pa�ents with major joint condi�ons such as hip, 
knee, shoulder, and ankle arthri�s and those with 
gross deformity from neurological or physical 
condi�ons.

The rou�ne management of the pa�ents: Most 
pa�ents presented with a mixture of symptoms 
including  axial pain back pain, and leg pain with or 
without numbness and neurogenic claudica�on. As a 
ma�er of rou�ne, pa�ents with comorbidity were 
op�mized by their primary medical physician and 
other specialists and given clearance for surgery.  
Pa�ents underwent a period of non-opera�ve 
treatment, consis�ng of analgesia, an�inflammatory 
drugs, and exercises (par�cularly swimming, and in 
some cases spinal injec�ons).  Obese pa�ents were 
encouraged to lose weight. 
      Surgical candidates consisted of pa�ents who 
failed  to respond to non-opera�ve treatment and 
those who presented with a significant neurological 
symptoms, (especially claudica�on) of more than 6 
months dura�on,  and the MRI imaging confirmed 
stenosis. Opera�ons consisted of one of the 
following: a foraminotomy for discectomy, 
hemilaminectomy or laminectomy with fusion. Most 
of the fusion was posterior interlumbar fusion with 
an anterior cage support (Transforaminal Interbody 
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Fusion or TLIF). All opera�ons were done by the same 
spine surgeon in one hospital.

Follow up: Most of the pa�ents a�ended the 6 
months review appointments and filled the post-
surgery Visual Analogue Scale (VAS) assessment.  
A�er about two years, a ques�onnaire was filled 
either directly with the surgeon, or an email request 
and in some cases a telephone interview. The 
ques�onnaire provided final VAS and Oswestry 
Disability Index (ODI) assessment and a subjec�ve 
ques�on on pa�ent sa�sfac�on based on a simple 
scale of 1 to 10 (in the same line with VAS). 

Data extrac�on: Pa�ent notes, both inpa�ent and 
outpa�ent  were  used  to  ex t ract  data  on 
intraopera�ve, post-opera�ve progress, early 
complica�ons, and late complica�ons. Same records 
had pa�ent age, gender, height, weight, and pre-
exis�ng diseases. The radiological studies (plain X-
rays and MRIs) and laboratory inves�ga�ons were 
reviewed to confirm diagnosis. Preopera�ve VAS and 
ODI were recorded in the periodical ques�on-naires. 
       The systemic diseases which were used in this 
study as predictors of outcome were Diabetes 
Mellitus (DM), hypertension, obesity (BMI >29), 
retroviral disease (AIDS), Chronic Renal Disease 

(CKD), and cardiac disease. The outcomes were 
hospital stay, general pa�ent sa�sfac�on, change in 
VAS and ODI, and complica�ons. These complica�ons 
were divided into intraopera�ve, early complica�ons 
(first six weeks), and late complica�ons (up to two 
years). The par�cipants were grouped into two, those 
with systemic disease  (Group 1) and those without 
(Group 2). 

Sta�s�cal analysis: Differences in frequency and 
means between the two groups were analyzed using 
the chi-square test, and student t-test, respec�vely. 
Analysis of variance (ANOVA) was performed to 
assess the difference in the change of survey scores 
between the two groups. Mul�ple linear regression 
was used to iden�fy the most influen�al individual 
predictor on any or all the outcomes.

RESULTS

Two hundred and sixty-eight cases were operated; 
with 40 excluded due to other chronic condi�ons 
(such  as  depress ion,  arthr i�s ,  infec�ons , 
osteoporosis, etc.). Forty-six had incomplete records 
with vital data missing, while 43 were lost to follow 
up. One hundred thirty-nine par�cipants were 
enrolled and analyzed for the study (Figure 1).

Figure 1 
Pa�ent sampling, selec�on and grouping

Total patients operated during the 
period = 268

 

Eligible  = 228 

Excluded for: 

Incomplete records = 46 

Lost to follow up = 43 

Not meeting inclusion criteria (40)
 

Hip arthritis = 11 
Knee arthritis  = 7 
Depression = 13 
Other conditions  = 9 

Patients available for analysis = 139
 

Group
 

1 
 

Patients with systemic disease = 67

 Group

 

2  

 

Patients without systemic disease = 72  
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Table 1
 

Example - pa�ent characteris�cs and prognos�c factors  

 

    The two groups showed different disease 
presenta�on pa�erns. Thirty-five pa�ents or 25% 
presented with isolated low back pain (no leg pain or 
claudica�on). There were more cases of isolated back 
pain in Group 2 (those without systemic disease) than 
Group 1, a difference that was sta�s�cally significant. 
Interes�ngly, the number of cases with neurological 
affec�on was equal in both groups (P = 0.596), but for 
motor weakness, which was found in seven pa�ents 
with systemic disease four had  DM, while Group 2 
had none with motor weakness (Table 1).  
       Due to limited sample size, the study could only 
accumulate a few systemic condi�ons that were 
more prevalent. The commonest were hypertension 
(26%), Obesity (19%), and diabetes mellitus (14%) 

(Table 1). It must be stated that these three 
condi�ons were in combina�ons and presented with 
so called metabolic syndrome: but rarely as isolated 
disease.
      The greatest confounder for the outcome findings 
was expected to be the various methods of 
decompression and fusion, which would project 
different outcomes. The frequencies of the type of 
decompression were not sta�s�cally significant 
except that more foraminotomies were done in 
Group 2 than Group 1 (P = 0.001) (Table 2).  The 
frequency of instrumenta�on was not sta�s�cally 
different in the two groups, 27 in Group 1 and 18 in 
Group 2 (P = 0.232).
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    There was no sta�s�cal difference in gender 
distribu�on between the two groups. There was a 
significant difference in the mean ages, and mean 

BMI with Group 2 being younger (P = 0.001) and 
Group 1 being older and obese (P<0.001) (Table 1).
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Outcomes

There were no differences in the rate of intra-
opera�ve complica�ons between the two groups. 
However, there were more early complica�ons in 
Group 1 (22 cases) compared to Group 2 (6 cases), (P 
= 0.016), with infec�on being singularly outstanding, 

14 cases (20%) against 4 (6%), P = 0.027. There were 
no differences in the late complica�ons, between the 
groups P = 0.715) (Table 3).  There was no mortality 
within the first six months of surgery (there could 
have been some late deaths who make a por�on of 
pa�ents lost to follow up).

 
    Table 4 tabulates the measured outcomes. Mean 
hospital stay was longer in the morbid group (8.2 
verses 6.9 months), P = 0.019. This group also 
reported less pa�ent sa�sfac�on (6.3 vs 8.3), P = 
0.061. There was no sta�s�cal difference in 
preopera�ve, but there was improvement in VAS at 

six months (3.1 vs 2.9, P = 0.021). At two years, VAS in 
both groups showed no significant difference (4.2 vs 
3.9, P = 0.098). The differences in ODI before the 
opera�on were insignificant (34.7 vs 32.2, P = 0.160) 
but became sta�s�cally significant a�er two years 
(20.8 vs 16.9, P = 0.010). 
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Mul�ple regression analysis

Mul�ple linear regression was used to iden�fy the most influen�al individual factors on the outcome. Table 5 
summarizes the model summary, ANOVA, and the coefficients. 

Table 5 
Model summary/coefficients and ANOVA 

Model Ra R2  Adjusted R2  

Std. 
Error of 
the 
Estimat
e 

F 
Chang
e 

df
1 

Sig. F 
Chang
e 

Hospital stay 0.24 .06 -.011 6.238 .834 7 0.562 
Early 
Complication
s 0.37 .14 .074 1.789 2.192 7 .041 
Change in 
VAS 0.17 .04 -.041 1.372 .408 7 0.895 
Change in 
ODI 0.31 .10 .031 8.568 1.481 7 0.183 
        

 Disease 
Unstandardized

coefficients   
Standardized

coefficients t Sig.   

  B 
Std. 
Error Beta     

(Constant) 5.185 
3.31
9  1.562 0.122   

Diabetes 
Mellitus 1.446 

0.56
5 0.307 2.559 0.012   

Hypertension -0.771 
0.43
6 -0.198 -1.769 0.08   

Obesity 0.615 
0.44
5 0.143 1.382 0.170   

AIDS -0.117 
0.83
6 -0.013 -0.14 0.889   

Kidney 
disease -0.459 

1.08
6 -0.041 -0.423 0.673   

Heart 
disease -0.32 

0.92
2 -0.037 -0.347 0.729   

 

     The mul�ple correla�on coefficient R which is a 
measure of the quality of the predic�on of the 
dependent variables showed low levels of 
predic�ons of various outcomes on the predictors 

2tested. The R  which was the coefficient of 
determina�on (the propor�on of variance in the 
dependent variable that can be explained by the 
independent variables) were also poor.  However, the 
F-ra�o in the ANOVA table which tests whether the 
overall regression model is a good fit for the data, 
only showed that early complica�ons could be 
predicted in a sta�s�cally significant level by the 
independent variables put together, F (7) = 2.192, p = 
0.041.  
      The equa�on to predict possible outcomes from 
tested predictors (diabetes mellitus, obesity, 
hypertension, RVD, kidney disease, and heart 
disease) was only sta�s�cally significant for diabetes 
mellitus.  For diabetes mellitus the unstandardized 
coefficient, was  equal to 1.446, which means that for 
each diabe�c, there is a 1.5 higher chance of a 
complica�on (P = 0.012). 

DISCUSSION

Comorbidity has been shown to be a risk factor for 
spinal surgery, that may lead to complica�ons and 
increase cost of care (20). Comorbidity is a general 
word that encompasses any pre-exis�ng condi�on 
the pa�ent has, some localized like joint arthri�s, 
pep�c ulcer disease,  cataracts and so on. 
Comorbidity also encompasses systemic disease. The 
localized condi�ons have a bearing on the general 
welfare of the host, medica�ons which may alter the 
systemic milieu, but more importantly some have an 
impact on the rehabilita�on programme, hence, 
completeness of recovery and the recovery period. 
Systemic disease on the other hand affects every 
single organ and �ssue of the body and is, therefore, 
more likely to affect the outcome of treatment, 
including, surgical outcomes in the short and long 
term. Individual condi�ons have different risk profile; 
for example, diabetes mellitus and immuno-
suppression (from disease or drug-induced) have 
been shown to predispose to sepsis, (21,22) and 
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increased cause increased mortality in the affected 
pa�ents (23). These same condi�ons, result in 
hypercoagulable states which may lead to higher 
incidences of veinous thrombosis and embolism (24). 
In this study, we found increased incidence of early 
complica�ons, especially infec�ons in those pa�ents 
with diabetes  (Tables 3 and 5). 
       Retroviral disease, par�cularly HIV, is a major 
cause of immuno-suppression, it is therefore, 
commonly assumed and rightly so that HIV-posi�ve 
persons have a higher risk of sepsis and other 
complica�ons. Therefore, many surgeons avoid 
undertaking major surgery on these pa�ents, 
par�cularly when the CD4 count is low. Young et al 
(25) in a small sample of asymptoma�c HIV-
seroposi�ve persons undergoing elec�ve spinal 

3
surgery (mean CD4 count of 279 cells/mm ) found 2 
out of 11 cases developed sepsis.  In a larger sample 
of more than 40,000 HIV posi�ve pa�ents undergoing 
elec�ve lumbar spinal fusion Chester et al. (26), 
found the main comorbidity to be chronic obstruc�ve 
pulmonary disease with lower rates of obesity, 
hypertension, and diabetes. The complica�on profile 
included in-hospital mortality, wound complica�ons, 
respiratory and neurologic complica�ons, and higher 
costs compared with non-HIV pa�ents. In this study 
we only had five cases of RVD due to HIV, a number 
that was inadequate for analysis.
       Obesity is commonly associated with type 2 
diabetes mellitus and hypertension as part of the 
metabolic syndrome and therefore, poten�ally 
carries with it similar risk profile as diabetes mellitus 
(27). For this reason obesity was included in this study 
as a systemic disease in this study. The group with 
systemic disease was older and had a higher mean 
BMI, a difference that was sta�s�cally significant. The 
possible explana�on for this is perhaps a more 
sedentary lifestyle in these pa�ents.  The study had 
an�cipated an increased rate of intra-opera�ve 
complica�ons, par�cularly dural tears. The rate of 
incidental dural tears was 6%, which was not directly 
associated with obesity. However, Burks et al. (28) 
analyzing a large administra�ve database of spine 
surgery found that incidental durotomy ranged from 
0.5% to 2.6% and found that obesity was associated 
with increased rates of incidental durotomy in their 
series. The study too had expected increased 
infec�on rate in the obese cohort; predisposed by a 
deep layer of poorly perfused adipose layer, more 
aggressive retrac�on during surgery and more 
intraopera�ve blood loss (due to wider exposure and 
the stripping of the posterior spinal muscles). 
       The rate of post-opera�ve sepsis was high (13%), 
with those with systemic disease having a rate of 21% 

compared to the control group (6%), the difference 
was sta�s�cally significant (P = 0.027).  However, we 
found no significant differences in the rate of post-
opera�ve sepsis a�ributable to obesity. Larger 
studies, however, clearly show obesity to be a risk 
factor for sepsis. Seicean et al. (29) in a mul�centre 
study consis�ng of 49,314 cases categorized 
according to their BMI, found BMI to be an 
independent risk factor for adverse outcomes in 

2morbidly obese pa�ents (BMI >40kg/M ). Rafael et al 
(30) analysed 10,387 pa�ents with high BMI and 
found higher complica�on rates a�er lumbar surgery 
than pa�ents who are non-obese. 
      Hypertension is a modifiable risk factor for 
cardiovascular related outcomes, including post 
spinal  surgery;  meaning that uncontrol led 
hypertension could be associated with post opera�ve 
cardiac events and strokes. Meng et al. (31) in a meta-
analysis for risk factors for surgical site infec�ons 
following spinal surgery, found that hypertension 
among other condi�ons (such as smoking, diabetes, 
obesity, urinary tract infec�on, blood transfusion, 
cerebrospinal fluid leak, and previous spine surgery) 
are risk factors. In regard to hypertension cases in this 
study, there were no significant differences in the rate 
of intraopera�ve, early, or late complica�ons 
between the two groups for the outcomes tested. 
The study found no immediate periopera�ve cases of 
cardiac events or strokes. However, some of the 
cases, untraceable in follow up could easily have 
succumbed to some of these condi�ons.
        Frailty from whatever cause, cardiac and renal 
disease affect recovery from surgery apart from being 
an anaesthe�c risk. Yagi et al. (32) in a study of 240 
pa�ents, grouped according to their level of frailty 
showed that regardless of the op�miza�on before 
surgery for adult spinal deformity, there is increased 
risk of complica�ons with inferior clinical outcomes in 
frail pa�ents.
       Schoenfeld et al. (33) in a study of 3,475 pa�ents 
undergoing spine surgery found that age, female 
gender, opera�on �me, and medical comorbidi�es 
influenced the risk of postopera�ve complica�ons 
and mortality. The medical comorbidi�es studied 
included chronic kidney and heart diseases, among 
others. In this study chronic kidney disease, and 
chronic heart disease cases were very few. These 
numbers may have been affected by the stringent 
exclusion criterion for surgery which avoided frail and 
sick people. Some of them may be those who were 
lost to follow up.
      The mean hospital stay was significantly longer (P 
= 0.019). The reason for increased hospital stay was 
probably the preopera�ve op�miza�on and slower 
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postopera�ve rehabilita�on and control of the non-
surgical condi�ons with a cau�ous a�tude to avoid, 
diagnose and treat complica�ons early, par�cularly 
sepsis.
       Reported pa�ent sa�sfac�on on a simple scale as 
Visual Analogue Scale and the mean VAS were 
significantly be�er a�er 6 months in those without 
systemic disease (P = 0.061, P = 0.021, respec�vely). 
A�er two years, there was no significant difference in 
the mean VAS score between the groups (Table 4). In 
our experience a large propor�on of the popula�on 
suffer developmental lumbar spinal canal stenosis 
(2,3) and benefit greatly from decompression of a 
symptoma�c stenosis. That may explain the early 
improvement on pa�ent reported outcomes, 
par�cularly pain and neurological recovery. The 
differences between the two groups are related to 
the poor general health in the diseased group from 
the inflammatory state, reduced level of ac�vity and 
perhaps, the effects of medica�ons.
      The mean ODI was moderately high in both groups 
preopera�vely, with no significant differences (P = 
0.160). However, a�er two years, although ODI had 
improved in both groups, the reported state of well-
being and physical ability was less in those with 
systemic disease than those without (P=0.010). The 
chron ic  d i sease ,  therefore ,  progress ive ly 
independently causes a deteriora�on in ac�vi�es of 
daily living.
     The result of mul�ple linear regression singles out 
diabetes mellitus as the single most important 
predictor of the tested outcomes in this study. 
Perhaps, with a larger sample size the other 
predictors would emerge. Nevertheless, this study 
clearly shows that those pa�ents with a systemic 
disease before surgery have poor pa�ent reported 
outcome. 
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