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Background: Supplemental intrathecal morphine ITM) represents an option to manage postoperative
pain after spine surgery due to ease of administration and ability to confer effective short-term analgesia at
low dosages. However, whether I'TM increases risk of surgical site infections (SSI), cerebrospinal fluid (CSF)
leak, and incidental dural tears IDT) has not been investigated. Therefore, this study was performed to
determine the rates of SSI, CSF leak, and IDT in patients that received I'TM.

Methods: Patients that underwent posterior instrumented fusion from January 2010 to 2016 that received
ITM were compared to controls with respect to demographic, medical, surgical, and outcome data. Fisher’s
exact test was used to compare rates of SSI, CSF leak, and ID'T between groups. Poisson regression was used
to analyze complication rates after adjusting for the influence of covariates and potential confounders.
Results: A total of 512 records were analyzed. ITM was administered to 78 patients prior to wound closure.
The remaining 434 patients compromised the control group. IDT was significantly more common among
patients receiving I'TM (P=0.009). Differences in rates of CSF leak and SSI were not statistically significant
(P=0.373 and P=0.564, respectively). After compensating for additional variables, Poisson regression revealed
a significant increase in rates of IDT (P=0.007) according to ITM injection and advanced age (P=0.014).
There was no significant difference in rates of CSF leak or SSI after accounting for the additional variables
(P>0.05).

Conclusions: I'TM for pain control in posterior instrumented spinal fusion surgery was linked to increased
likelihood of IDT but not CSF leaks or SSI. Age was also noted to be a significant predictor of IDT. Spine
surgeons should weigh potential risks against benefits when deciding whether to administer I'TM for

postoperative pain management following spine surgery.
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Introduction

Intrathecal morphine (ITM) refers to the single injection
of morphine into the subarachnoid space between two
lumbar vertebrae, usually L2-L3 or L3-L4 (1). Following
injection, morphine exhibits a characteristic gradual spread
into the cerebrospinal fluid (CSF) due to its hydrophilic
nature (2). By binding to spinal opioid receptors, I'TM
confers analgesia more rapidly in comparison to alternate
modes of administration (intravenous, subcutaneous, oral).
The analgesic effect reportedly lasts for 18-24 hours (2).
The potential to produce adequate analgesia at low dosages
makes I'TM an attractive supplement to postoperative pain
control regimens.

Barron and Strong first reported the analgesic
effect of intrathecal opioids for spine surgery in a 1981
study (3). The opioid-sparing effect of I'TM was replicated
in subsequent trials and by France et 4/. in spinal fusion
surgery (4-6). Urban et 4/. similarly demonstrated lower pain
scores and morphine consumption in instrumented spinal
fusion with a weight-adjusted dose of 20 pg/kg and Ziegeler
et al. reported significant reduction in postoperative
piritramide consumption with 0.3 mg I'TM following
posterior lumbar interbody fusion (7,8). Although Pendi
et al. reported that adjunctive I'TM reduced postoperative
pain and analgesic consumption within the first 24 hours
following spine surgery, rates of incidental dural tears
(IDT), CSF leak, or surgical site infections (SSI) were not
analyzed (9). This study aimed to determine the incidence
of these complications associated with I'TM in a large
sample size of posterior instrumented fusions.

Methods

Institutional Review Board approval was obtained prior
to initiation of this retrospective study of existing patient
records at a tertiary care academic medical center. The
Strengthening the Reporting of Observational Studies
(STROBE) reporting guidelines for cohort studies were
used as a guideline in the reporting of this study (10). A
power analysis was performed for sample size estimation
based on data from previous studies. Given that SSI
are more uncommon than CSF leaks and IDT in spine
surgery, rates of SSI were used to determine the sample size
necessary to adequately power the study. Previous studies by
Collins et al. and Patel et al. reported percentages of SSI in
instrumented spinal fusion as 3.7% and 3.8%, respectively
(11,12). As a result, the proportion, P of 0.0375 was selected
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(the midpoint between 3.7% and 3.8%). After selecting
0=0.05 and power =0.80, the projected sample size to detect
difference in proportions with margin of error 3% was
approximately 308 patients per group.

Identification of the cobort

An ICD-9 code algorithm was used to identify patients that
had undergone posterior fusion of the cervical, thoracic,
thoracolumbar, lumbar, and sacral regions from January
2010 to January 2016. The exclusion criteria included
pediatric patients, surgery for trauma, and surgery for
tumor. The ICD-9 code algorithm is provided in the
Supplementary (Tables S1,S2).

Data abstraction

A list of medical record numbers (MRN), date of service
(DOS), and date of birth (DOB) that corresponded to
the ICD-9 code algorithm was requested from an Honest
Broker. The patient list was then cross-referenced with
operative reports to verify posterior instrumented spinal
fusion, exclude trauma or tumor, and used to abstract data
from the electronic medical record. Non-instrumented
spinal fusion cases were excluded. Demographic data such
as sex, alcohol use, smoking status, body mass index (BMI),
and previous spine operation were recorded. Alcohol use
and smoking status were dichotomized such that patients
that affirmed use were considered positive and patients
that reported former use or quit prior to surgery were
considered negative. Body mass indices were recorded
as entered in the electronic chart or calculated from the
recorded patient weight and height. Co-morbidities
included hypertension, diabetes, heart disease, osteoporosis,
anxiety, and depression. Intraoperative details included
incidence of IDT and injection of I'TM. In each patient that
received I'TM, the surgeon intrathecally injected 0.3 mg
of Duramorph (Baxter International, Deerfield, IL, USA)
as a 0.4 cc solution into the lumbar spine prior to wound
closure. Follow-up, incidence of durotomy, CSF leak, and
SSI were each reported as dichotomous outcomes.

Statistical analysis

Patients lost to follow-up were excluded. Patients with
missing demographic, co-morbidity, and surgical data
were included in the analyses as long as the ITM/control

7 Spine Surg 2018;4(2):287-294



Journal of Spine Surgery, Vol 4, No 2 June 2018

Posterior spinal fusions
January 2010-2016
(n=733)

Pediatric patients
excluded (n=6)

Non-posterior
instrumented fusions
excluded (n=144)

\ 4

Trauma cases
excluded (n=13)

\ 4

Tumor cases
excluded (n=12)

\

\ 4

Posterior instrumented
spinal fusions January
2010-2016 (n=558)

ITM group Control group
(n=83) (n=475)
Excluded: Excluded:
p» lost to follow- lost to follow- |«
up (n=5) up (n=41)
\ 4 \4
IT™ Control
incorporated incorporated
into analyses into analyses
(n=78) (n=434)

Figure 1 Flow diagram of patient record selection to be

incorporated into analysis.

and infection data were available. For sex, use of alcohol,
smoking status, co-morbidities, and previous surgery,
Pearson chi-squared tests were used to make comparisons.
Age and BMI were compared with #-test, two-tailed, and
assuming unequal variances. Fisher’s exact test was used to
compare the rates of durotomy, CSF leak, and SSI between
I'TM and control groups. A series of Poisson regressions
were conducted to determine the effect of administration of
ITM on rates of durotomy, CSF leaks, and SSI separately
after adjusting for co-variates and factors that were
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statistically significant according to #-test or chi-squared
test. The level of significance was set at a=0.05. Analyses
were carried out using IBM® SPSS® Version 22 (SPSS,
Chicago, IL, USA).

Results

Of 733 patients that underwent posterior spinal fusion from
January 2010 to January 2016, 175 records were excluded
for meeting the one of the following exclusion criterion:
pediatric population (n=6), non-posterior instrumented
fusion (n=144), trauma (n=13), or tumor (n=12). The
remaining 558 records separated into those that included
ITM injection (treatment; n=83) and those that did not
(control; n=475). Of the 46 patients lost to follow-up, 5
were in the I'TM group and 41 were in the control group.
The remaining 512 patients were analyzed (78 in the ITM
group and 434 in the control group). Record selection is
outlined in Figure 1.

ITM group

A total of 78 patients were administered I'TM in the
sample (15.2%). The majority of the I'TM group
was female (n=52, 66.7%) and aged 18-82 years old
(56.5+16.7 years, min: 18, max: 82). Body mass indices
of patients in the I'TM group varied moderately
(26.9+6.2 kg/m’, min: 17.8, max: 47.4). The sample of ITM
patients contained several alcohol users (n=35, 44.9%) but
few smokers (n=9, 11.5%). The group was characterized
by low rates of anxiety (n=7, 9.0%), osteoporosis (n=11,
14.1%), diabetes (n=6, 7.7%), and cardiac disease (n=6,
7.7%). However, incidence of depression (n=21, 26.9%)
and hypertension (n=33, 42.3%) were higher. Furthermore,
the majority of patients in the I'TM group had undergone
previous spine surgery (n=50, 64.1%). In the ITM group,
IDT (n=12, 15.4%) and SSI (n=1, 1.3%) were each
encountered, but CSF leaks were not.

Control group

Of 512 records included in the analyses, the control group
comprised 434 patients (84.8%). The group consisted
of mostly females (n=245, 56.5%) aged 18-87 years old
(60.3+14.3, min: 18, max: 87). Patient body mass indices
ranged from 14.7 to 53.5 kg/m2 (27.7£5.7, min: 14.7,
max: 53.5). Alcohol use endorsed by the majority of patients
in the control group (n=223, 51.4%); alcohol use data was
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Table 1 Demographics and co-morbidities
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Category ITM (n=78) Control (n=434) pP*

Demographics
Female: n (%) 52 (66.7) 245 (56.5) 0.092
Age: () 56.5+16.7 60.3+14.3 0.033**
BMI kg/m* () 26.9+6.2 27.745.7 0.237
Alcohol use: n (%) 35 (44.9) 223 (51.4) 0.273
Smoking status: n (%) 9 (11.5) 63 (14.5) 0.486
Previous surgery: n (%) 50 (64.1) 209 (48.2) 0.010*

Co-morbidity: n (%)
Anxiety 7 (9.0) 37 (8.5) 0.901
Depression 21 (26.9) 76 (17.5) 0.052
Osteoporosis 11 (14.1) 36 (8.3) 0.103
Hypertension 33 (42.3) 225 (51.8) 0.116
Diabetes 6 (7.7) 75 (17.3) 0.032**
Cardiac disease 6 (7.7) 59 (13.6) 0.148

*, comparisons between ITM and control group were made for sex, alcohol use, smoking status, co-morbidities, and previous surgery,
were made with Pearson chi-squared test. For age and BMI, t-test was used; **, considered statistically significant for a=0.05. , mean; s,

standard deviation; ITM, intrathecal morphine; BMI, body mass index.

Table 2 Incidence of durotomy, CSFs, and SSIs

Category ITM, n (%) Control, n (%) P*
IDT 12 (15.4) 27 (6.2) 0.009**
CSF 0 (0.0) 10 (2.3) 0.373
ssl 1(1.3) 4(0.9) 0.564

*, Fisher’s exact test was used for comparison; **, considered
statistically significant for 0=0.05. ITM, intrathecal morphine;
SSI, surgical site infection; IDT, incidental dural tear; CSF,
cerebrospinal fluid leak.

not available for 2 patients. Positive smoking status was
recorded for a small number of patients (n=63, 14.5%). Low
rates of anxiety (n=37, 8.5%) and osteoporosis (n=36, 8.3%)
were reported. By comparison, rates of depression (n=76,
17.5%), hypertension (n=225, 51.8%), diabetes (n=75,
17.3%), and cardiac disease (n=59, 13.6%) were higher.
Co-morbidity data were not available for one patient
in the control group. In the control group, IDT (n=27,
6.2%), CSF leak (n=10, 2.3%), and SSI (n=4, 0.9%) were

encountered in several patients.
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Group comparisons

ITM and control groups were compared in terms of
demographic, co-morbidity, and surgical variables in
Table 1. Patients in the control group were older than those
in the I'TM group (60.3£14.3 vs. 56.5£16.7, P=0.033).
Furthermore, diabetes was significantly more common in
the control group (17.3% wvs. 7.7%, P=0.032). Also, there
were more patients in the I'TM group that had a previous
spine surgery (64.1% vs. 48.2%, P=0.010). No other
demographic, co-morbidity, or surgical variables attained
statistical significance. Results of Fisher’s exact can be found
in Table 2. Patients that were administered I'TM experienced
significantly more IDT compared to control (15.4% wvs.
6.2%, P=0.009). Differences in occurrence of CSF leaks
(0% vs. 2.3%, P=0.373) and SSI (1.3% vs. 0.9%, P=0.564)
were each considered statistically insignificant. In order to
adjust for demographic, co-morbidity, and surgical variables
that attained significance in the crude comparison of the
I'TM and control groups, Poisson regression was conducted
(Tuble 3). Use of I'TM, age, diabetes, and previous spine

surgery were included as independent variables. According
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Variables OR 95% Cl P*
IDT
IT™ 0.381 0.189-0.769 0.007**
Age 1.034 1.007-1.061 0.014*
Diabetes 0.715 0.333-1.538 0.391
Previous surgery 0.749 0.386-1.452 0.392
CSF
IT™ - - -
Age 1.056 0.996-1.118 0.066
Diabetes 1.091 0.228-5.213 0.913
Previous surgery 0.385 0.099-1.489 0.167
SSlIs
IT™ 0.576 0.060-5.523 0.632
Age 1.031 0.960-1.107 0.404
Diabetes 0.892 0.094-8.428 0.920
Previous surgery 1.664 0.268-10.335 0.585

*, Contributions of predictor variables determined by Poisson regression; **, considered statistically significant for ¢=0.05. OR, odds ratio
according to Poisson regression model; Cl, confident interval; ITM, intrathecal morphine; SSI, surgical site infection; IDT, incidental dural

tear; CSF, cerebrospinal fluid leak.

to the model, I'TM was a significant predictor of IDT
(OR: 0.381, 95% CI: 0.189 to 0.769, P=0.007). Age also
significantly predicted occurrence of IDT (OR: 1.034, 95%
CI: 1.007 to 1.061, P=0.014). Neither diabetes nor previous
surgery were significant predictors of IDT (P>0.05). ITM
administration, age, diabetes, and previous surgery were not
significant predictors of CSF leak or SSI (P>0.05) according
to Poisson regression.

Discussion

Administration of supplemental ITM remains an attractive
option for analgesia following instrumented spinal fusion
surgery due to ease of access during lumbar surgery and
a opioid-sparing effect at low dosages (8,9). However, the
risk of certain complications due to injection of I'TM such
as IDT, CSF leak, and SSI remain largely unknown (9). We
demonstrated that IDT was significantly more common in
patients given I'TM. Given that intrathecal drug delivery
involves puncture of the dura mater, the purpose of this
study was to document the rates of ID'T, CSF leak, and SSI
in order to better define the risk-to-benefit ratio of ITM
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use and guide surgeons’ clinical decision-making.

The comparison groups differed in terms of the following
variables: average age, number of patients with diabetes,
and number of patients that had undergone previous spine
surgery. These differences are notable because each of
the aforementioned variables is a known modifier of risk
for IDT, CSF leak, and/or SSI. Advanced age has been
described as a risk factor for dural tears, leakage of CSEF,
and wound infection (13-15). Also, diabetes and previous
surgery increase risk of IDT and SSI in spinal operations
(14-16). Diabetes has been identified as a significant risk
factor for infection following posterior instrumented spinal
fusions (17). In order to account for these inter-group
differences that may modify the risk of IDT, CSF leak, and
SSI, Poisson regression analysis was performed.

IDT is a relatively well-documented complication of
spine surgery with an incidence as low as 2.0% to as high
as 9.7% in instrumented fusions (18,19). The vast majority
of dural tears are identified intraoperatively by the surgical
team and can be addressed prior to wound closure (20).
According to this study, which found an overall IDT
prevalence of 7.6%, dural defects were significantly more
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common in patients administered I'TM compared to control
(15.4% wvs. 6.2%). This difference remained significant
with Poisson regression, which accounted for inter-group
differences in age, diabetes prevalence, and past surgical
history. Notably, age was also reported to be a predictor
for increased occurrence of IDT in this study. Anecdotally,
the dura mater has been described as more predisposed to
puncture among the elderly (16). Traditional management
of IDT involves direct repair with sutures followed by bed
rest in the postoperative period. In this study, IDT was
repaired directly by suturing the tear and performing the
Valsalva maneuver to ensure a water-tight seal prior to
wound closure. Notably, IDT neither affects long-term
outcomes such as pain or disability nor incidence of further
complications such as wound infection (21).

CSF leak may also develop following dural puncture.
CSF leaks may be identified intraoperatively or suspected
postoperatively due to appearance of symptoms such post
dural puncture headaches (PDPH) or persistent clear
drainage (14). In this study, the overall prevalence of IDT
was low (2.0%) and there were no cases of CSF leak among
patients that were administered ITM. Poisson regression
revealed no significant predictors of CSF leak. In this
review, cases of CSF leak were managed postoperatively
with bed rest and observation.

In instrumented spinal fusions, the SSI rate is known to
be 3.7-3.8% (11,12). However, SSI rates associated with
I'TM in instrumented spine surgeries have not been studied
in large sample sizes. A total of 5 SSIs were identified in
the 512 records that were analyzed (1.0%). Among patients
administered I'TM and the control group, the difference in
occurrence of SSI was considered statistically insignificant.
Moreover, after adjusting for the influence of age, diabetes
co-morbidity, and previous surgery, injection of I'TM was
not a significant predictor for infection rates in the Poisson
regression model. All SST were managed with postoperative
antibiotics and re-operation for debridement of the wound.

Although this study suggests an increased chance of
dural tears due to administration of I'TM, these risks may
be mitigated by choosing the appropriate needle. O’Connor
et al. explored the effect of needle size, type, and dura
penetration angle on CSF leakage—finding that former
two factors increased CSF leakage but dura penetration
angle had no significant effect (22). Previous studies have
reported using 25-, 26-, 27-, 29-, and 30-gauge needles
to administer intrathecal opioids in adult spine surgery
(6-8,23-29). Given that needles with a smaller diameter
induce a smaller perforation in the dura mater, these needles
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require a greater technical skill to ensure optimal drug
delivery. As a result, it has been suggested that a balance
needs to be struck between the diameter of the needle and
ease of effective administration (30). Also, Quincke needles
(compared to Whitacre) have been implicated in greater
CSF leakage (22,31). Ultimately, choice of needle may
constitute one way to reduce the chance of IDT and CSF
leakage with use of I'TM in spine surgery.

Limitations

The findings of this study are moderated by its limitations.
First, although the initial patient list was generated
according to a carefully constructed ICD-9 code-based
algorithm, a small number of patients that would otherwise
be included in the study may have been excluded due to
inaccuracies in ICD-9 coding. However, errors in ICD-
9 coding were compensated for by cross-checking each
patient record with the operative report. Also, despite the
large analyzed sample size (n=512), the number of patients
in the ITM group was lower than the power analysis
estimate. In fact, because I'TM injections were administered
by only one spine surgeon at the institution, the majority of
the patients in the control group were operated on by other
surgeons. As a result, there exists potential for differences in
surgeon preference and technique between groups to affect
risk of SSI, which could not be accounted for in this study.
Other limitations stem from the availability of data in the
electronic medical record. Co-morbidity data was complete
for all but 2 patients. In addition, 7.3% of the records
eligible for analysis were excluded due to lack of follow-up;
these records may have included cases of ID'T, CSF leak,
and/or SSI. Certain factors known to modify complication
risks, including malnutrition (as measured by pre-operative
albumin levels), history of steroid therapy, and ASA score,
were not available in the electronic record and therefore
could not be accounted for in this study (13,32). However,
inter-group differences were compensated for by Poisson
regression. Finally, although the findings of this study can
be used to direct further exploration into complications
associated with I'TM administration, the retrospective study
design limits the establishment of causal links.

Conclusions

Several studies have documented the effectiveness of
adjunctive I'TM in reducing postoperative pain following
spine surgery. However, the potential complications
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associated with single-injection I'TM in spine surgery have
not been thoroughly explored. This retrospective study
was performed to document the rates of IDT, CSF leak,
and SSI associated with I'TM administration in posterior
instrumented spinal fusion surgery. Ultimately, patients
given I'TM experienced significantly more IDT but not
CSF leak or SSI. These findings suggest that use of ITM
may increase the risk of dural tears. Spine surgeons should
be aware of the risk-to-benefit ratio when deciding whether
to administer I'TM for postoperative pain management.
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Supplementary

ICD-9 code algorithm used to identify patient cohort

Table S1 Codes for inclusion of Posterior fusion (include if listed in procedure field)

ICD-9-CM procedure codes

Description

81.03
81.05
81.07
81.33
81.35
81.37

Fusion, posterior column, other cervical, posterior technique

Fusion, posterior column, dorsal/dorsolumbar, posterior technique
Fusion, posterior column, lumbar/lumbosacral, posterior technique
Refusion, posterior column, other cervical, posterior technique
Refusion, posterior column, dorsal/dorsolumbar, posterior technique

Refusion, posterior column, lumbar/lumbosacral, posterior technique

Any procedure code for spinal fusion surgery that includes a posterior approach on the posterior column.

Table S2 Codes for exclusions criteria (exclude if listed in any diagnosis field)

ICD-9-CM procedure codes

Description

213.6
213.2
170.9
170.6
170.2
239.2
806

805

809

3241
015.0

Benign neoplasm of pelvic bones, sacrum, and coccyx

Benign neoplasm of vertebral column, excluding sacrum and coccyx
Malignant neoplasm of bone and articular cartilage, site unspecified
Malignant neoplasm of pelvic bones, sacrum, and coccyx

Malignant neoplasm of vertebral column, excluding sacrum & coccyx
Malignant neoplasm of unspecified nature of bone, soft tissue, & skin
Fracture of vertebral column with spinal cord injury

Fracture of vertebral column without mention of spinal cord injury
lll-defined fractures of bones of trunk

Intraspinal abscess

TB of the vertebral column

TB, tuberculosis.
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