Hirurgia Pozvonochnika 2018;15(2):84–90
© V.M. Haydarov et al., 2018

Prediction of surgical site infection
in spine surgery
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Objective. To analyze prognostic factors for the development of surgical site infection following spine surgery and evaluate rating values
for each of them.
Material and Methods. The data on 325 patients who underwent spinal surgery were analyzed. Data on 177 patients of the retrospective
group who underwent spinal surgery without infectious complications were compared with the data of patients who had local complications of infectious genesis within one year after the operation (36 observations).
Results. The study resulted in creation of a learning matrix which became the basis for mathematical prediction and algorithm for the
prevention of local infectious complications in patients who underwent spinal surgery. Seventeen criteria for predicting the development
of surgical site infection were identified.
Conclusion. Approbation of the program in a prospective study (112 cases) with a follow-up period of 12 months after surgery demonstrated
significant decrease in the incidence of surgical site infection as compared with that in the retrospective study group (from 16.9 to 9.8 %).
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Recently, there has been a steady trend
of increasing number of spine surgeries
both in Russia and most of the developed
countries [3, 5]. These surgical interventions are accompanied by complications
in a number of cases (4 to 33 %), up to
20% of which can be due to surgical site
infection [2, 5, 19, 13–15, 17]. The number of publications (local and international) discussing prognosis of infectious
complications in spinal surgery has been
recently increasing. However, the information on the capabilities of such prognosis is contradictory: different authors
present information on different risk factors [6–8, 10–12, 16, 18]. In this regard,
the study of the aspects related to the
development of methods for predicting
surgical site infection (SSI) in spinal surgery can be considered as an important
and vitally significant topic of scientific
medical research studies.
Aim of the current study is to analyze
prognostic factors for the development
of surgical site infection following spine

surgery and evaluate rating values for
each of them.
Material and Methods
A total of 373 patients aged 20–85 years
(mean age, 57.1 ± 9.4 years) underwent
spine surgery at the clinic of traumatology and orthopedics at Mechnikov
State Medical University in the period
of 2011–2015. The mortality in postoperative group was 1.9 % (7 cases). Causes
of death were as follows: pulmonary
thromboembolism (3 patients), acute
CVA (2 patients), and acute cardiovascular insufficiency (2 patients). A total
of 366 people were discharged from the
medical center. Long-term results within
the period of one year were evaluated
in 325 (88.8 %) of these patients. In 42
(11.2 %) patients, the results could not be
evaluated in 12-month follow-up period
after surgery due to loss of communication with them or their death.
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The data on 325 patients were divided
into two groups in the study: retrospective group (213 people who underwent
surgery in 2011–2013) and prospective
group (112 people who underwent spine
surgery in 2014–2015).
Both superficial infection at incision site and deep SSI were taken into
account [4].
In the retrospective group, preoperative preparation and SSI prevention was
carried out according to a standard procedure. 178 (83.6 %) patients underwent
surgeries using metal implants. Spine surgeries without using metal implants were
performed in 35 (16.4 %) cases. Local
infection was found in 36 (16.9 %) cases among retrospective group patients
within one year after surgery, deep infection was noted in 9 (4.2 %) patients.
Patients of the prospective group
underwent preoperative prophylaxis
depending on the prognosis and using
the developed algorithms.
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The retrospective group was divided into two subgroups: group I, which
included cases with no SSI diagnosed
within 12 months after surgery (177
patients), and group II, which included cases of superficial and deep SSI (36
patients).
Comparative analysis of data between
the two retrospective subgroups was carried out with identification of risk factors
for the development of SSI and evaluation of their rating values. We propose
a model for predicting the course of the
postoperative period in patients following spine surgery based on the data of
quantitative equivalents of the risk of SSI
development revealed retrospectively.
Clinical approbation of the prognosis of SSI development following spine
surgery was performed in 112 patients
of the prospective study group. The
method of sequential analysis by A. Wald
[1], which allows prediction at different
stages of the treatment, including cases
with incomplete set of characteristics,
was used in the study.
Results
A total of 17 parameters were selected
from 90 demographic, clinical and laboratory ones. The selected parameters
formed the basis for the mathematical
model of SSI prediction. They included
general data (the patient’s social status,
time of the year when the intervention
was performed, etc.), individual data (age,
gender, data on concomitant diseases,
body mass index, etc.), as well as information on the duration of surgery, volume of intraoperative blood loss, type
of intervention, etc. A series of laboratory and instrumental parameters were
analyzed separately. The risk factors for
SSI prediction included parameters with
reliable differences (p < 0.05) between
the study groups, as well as prognostic
factors with error probability (p-level)
exceeding the conventional value but
with a tendency to at least 1.5-fold percentage difference. In addition, the study
also considered expert evaluation by other researchers with statistically confirmed
p-level of the analyzed risk factor.

Among 17 prognostic factors selected
for the program, 12 were diagnosed in
the preoperative period, 4 were noted
during surgery and one was registered in
the early postoperative period. Data on
the duration of surgery, as one of the risk
factors for SSI, are presented in Table 1.
Among the patients with a favorable postoperative period, the number
of cases with less than 1-hour surgery
duration was 32 (18.1 %). Such clinical
observations were twice as rare (8.3 %)
among patients with SSI. The situation
was opposite for the group with ≥3-hour
surgery duration: there were 37.3 % of
such patients in the uncomplicated
group and 52.8 % patients in the group
with SSI. Thus, the duration of surgery
was taken into account when developing
a mathematical model for SSI prediction.
The same approach was applied to the
selection of other criteria for predicting
the development of SSI.
Once a complete list of prognostic
factors was generated, the correlation
index and prediction coefficient were
calculated. The correlation index was
a ratio between the frequency rate of
the factor in the group of patients with
favorable postoperative course and the
frequency rate of the factor among
patients with SSI. The prediction coefficient was a natural logarithm (ln) of the
correlation index multiplied by 10 for
convenience of calculations.
As a result, the prediction coefficient
equaled +8.1 in cases with less than
1-hour surgery duration, +4.9 for 1- to
2-hour surgery duration, -0.4 for 2- to
3-hour surgery duration, and -3.4 for
longer than 3-hour surgeries (Table 2).

This allowed us to conclude that the risk
of SSI development increases with an
increase in surgery duration.
Next, all prediction coefficients
known by the time of examination were
summarized. The result is a prediction
index. This parameter was determined
at different stages of patient’s examination and treatment. Prediction index was
calculated using 12 parameters prior to
surgery, 16 parameters during surgery,
while 17 parameters were used in the
early postoperative period with a confidence interval of -14 to +14.
If the overall prediction index equaled
+14 or more, a favorable course of the
postoperative period without SSI was
predicted with more than 80% probability. SSI development could be expected
with the same probability at <+14. If the
index was in the range of -14 to +14, the
prognosis was considered ambiguous. A
complete list of prognostic factors with
calculation of prediction coefficients for
the development of local infectious complications is presented in Table 2.
Discussion
In the literature, methods for predicting
surgical site infection in spinal surgeries
are quite common. However, there is still
no single generally accepted method. For
instance, Abdul-Jabbar et al. [6] studied
the results of the outcomes of 6,628 spinal surgeries and identified the following
risk factors for SSI development: interventions in the sacrum region, the use
of metal implants covering more than
seven levels, more than 5-hour duration

Table 1
Duration of spinal surgery as prognostic factor for the development of surgical site infection (SSI)
Surgery

Course of postoperative period, n (%)

duration

no complications

SSI

Up to 1 hour

32 (18.1)

3 (8.3)

1 to 2 hours

31 (17.5)

4 (11.1)

2 to 3 hours

48 (27.1)

10 (27.8)

˃3 hours

66 (37.3)

19 (52.8)

177 (100.0)

36 (100.0)

Total
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of surgery, cases of osteotomy, concomitant diabetes mellitus, coagulopathy, etc.
Cizik et al. [8] use the term “spine surgical invasiveness index”, the values of
which range from 0 to 48. Based on the
experience of 1,532 spinal interventions,
these researchers consider the following criteria as the most significant ones
for SSI prediction: obesity, hypertension,
kidney diseases, thoracic or lumbosacral
spinal fusions, and invasiveness index of
more than 21. Moreover, it is the invasiveness index that considered by the
authors to be the most important factor
in predicting local infective-inflammatory complications.
Chikawa et al. [7] studied the risk factors for early deep SSI in spinal surgery
developing in the first month after surgery and concluded that the main unfavorable prognostic factor for the formation of a purulent focus under the deep
fascia is hemodialysis procedures. Of
8,154 patients, early deep SSI was verified in 1.1% of cases, while this index
equaled 7.1 % among patients receiving
hemodialysis.
Watanabe et al. [18] studied data on
the results of treatment of 223 patients
with spine pathology. The authors believe
that diabetes mellitus, insufficient drainage and more than 3-hour surgery duration are the most significant risk factors
of SSI. At the same time, the elderly and
senile age, elevated BMI, gender, and
smoking are not statistically reliable risk
factors of infectious complications in the
surgical wound.
A randomized study performed by
the specialists from the USA and based
on the results of examination and treatment of 5,541 patients presents data on
the following risk factors: BMI, chronic
steroid therapy, low albumin level, low
platelet count and hematocrit, high anesthetic risk (according to ASA), long surgery duration [16]. The authors recommend planned surgical treatment with
taking into account the risk factors for

SSI and preoperative correction of a
number of indicators.
The main drawbacks of these studies
are as follows: in most cases, researchers
reveal only statistically significant differences that allow considering a criterion
to be predictive. At the same time, the
authors do not provide recommendations on the practical use of such information. There are some publications
on the attempts to assess the risk of
SSI using the developed scoring system
which takes into account the quantitative equivalent of each risk factor and the
total indicator as well, which allows identification of the SSI risk group among
patients. However, these publications
contain no information on the approbation of the proposed systems and algorithms in their own prospective studies.
Using the developed algorithm for
SSI prediction, we managed to identify a group of patients. The results were
evaluated in the prospective study group,
which included 112 clinical observations
in total. The risk was expected in 18
(16.2 %) patients. These 18 patients (of
the high-risk SSI group) and 27 (24.1 %)
patients with the risk assessed as indeterminate were subjected to a series of
preventive measures (local, general and
antibiotic prophylaxis). All patients with
unfavorable or indeterminate prognosis underwent prophylaxis: correction of
body weight, selection of the season time
for surgery, monitoring, drug treatment
(antibacterial treatment and prophylactic antibiotics, drugs for improving blood,
detoxification agents, symptomatic treatment, and etc.), optimization of surgery
sheduling, ultrasound examination of the
area of surgery in the postoperative period, and etc.
After implementation of preventive
measures, SSI was diagnosed in 11 (9.8 %)
patients out of 18 cases with predicted
high risk of infective-inflammatory complications after spinal surgery. Moreover,
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deep infection was developed only in 2
(1.8 %) patients.
Conclusion
The use of mathematical prediction models of SSI development and the use of
preventive measures in patients of the
risk group allowed achieving reduction
in the incidence of infections following
spine surgery from 6.9 to 9.8 % (i.e. 1.7fold). At the same time, the incidence of
deep infection was decreased from 4.2 to
1.8 %. Clinical approbation of the prediction and prophylaxis in patients of the
prospective group confirms the correct
choice of SSI risk factors in spinal surgery.
The most significant criteria were
the ones that had the maximum range
between the positive and negative values of the prediction coefficient. In the
preoperative prognosis, the most adverse
factors were spine oncology as an indication for surgery, concomitant diseases of
the respiratory and urinary systems, as
well as preoperative hospital stay exceeding 10 days. Among the intraoperative
criteria for SSI development are significant intraoperative blood loss (more
than 1 L) and the duration of surgery
exceeding 3 h.
Identification of the high risk SSI
group among patients and prophylaxis
allows SSI prevention in almost half of
cases. The procedure for calculating the
prediction index of SSI development following spine surgeries does not require
special training or equipment. The
obtained data demonstrate that application of modern technological and organizational approaches in patients requiring spine surgery allows preventing SSI
development without additional financial expenses.

The study did not have any sponsorship. The authors declare no conflict of interest.

Hirurgia Pozvonochnika 2018;15(2):84–90
V.M. Haydarov et al. Prediction of surgical site infection in spine surgery

Table 2
Structure of weight coefficients for the prognostic factors of surgical site infection (SSI) in patients after spine surgery
Prognostic factor

Case frequency, %

Correlation index

Prediction coefficient

no complications

SSI

male

46

33

1.394

3.3

female

54

67

0.806

-2.2

18–29

2

6

0.333

-11.0

30–44

19

8

2.375

8.6

45–59

26

28

0.929

-0.7

60–74

45

47

0.957

-0.4

75–89

8

11

0.727

-3.2

preserved

59

36

1.639

4.9

no occupation, retired

41

64

0.641

-4.4

COPD

9

28

0.321

-11.4

no COPD

91

72

1.264

2.3

diabetes mellitus

17

31

0.548

-6.0

no diabetes mellitus

83

69

1.203

1.8

chronic pyelonephritis

14

42

0.333

11.0

no chronic pyelonephritis

86

58

1.483

3.9

reduced

18

31

0.508

-6.8

normal

59

33

1.788

5.8

overweight

23

36

0.639

-4.5

Prior to surgery
1. Gender:

2. Age, years:

3. Work ability:

4. Concomitant respiratory disease:

5. Concomitant endocrine system disease:

6. Concomitant pathology of excretory
system:

7. Body mass

8. Localization of the pathological process:
cervical spine

11

6

1.833

6.1

thoracic spine

35

36

0.972

-0.3

lumbar spine

46

52

0.885

-1.2

sacral spine

8

6

1.333

2.9

spine oncology

46

64

0.719

-3.3

degenerative spinal

38

31

1.226

2.0

16

5

3.200

11.6

winter

23

22

1.045

0.0

spring

30

42

0.714

-4.6

summer

19

17

1.118

0.5

autumn

30

19

1.579

4.5

9. Indications to surgery:

diseases
spinal injuries and complications
10. Time of surgery:
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Table 2 (ending)
Prognostic factor

Case frequency, %

Correlation index

Prediction coefficient

no complications

SSI

1–10

70

42

1.667

5.1

≥11

30

58

0.517

-6.6
6.9

11. Preoperative bed-days:

12. Risk of anesthesia, ASA:
1

6

3

2.000

2

18

11

1.636

4.9

3

63

64

0.984

-0.2

4

13

22

0.591

-5.3

1

34

14

2.429

8.9

2

24

28

0.857

-1.5

≥3

42

58

0.724

-3.2

bone cement

13

8

1.625

4.9

cage

14

8

1.750

5.6

mesh

9

6

1.500

4.1

transpedicular fixation

60

75

0.800

-2.2

no implant (biopsy)

4

3

1.333

2.9
8.1

Surgery
13. Number of segments involved in
surgery, n:

14. Type of implant:

15. Duration of surgery:
up to 1 hour

18

8

2.250

1 to 2 hours

18

11

1.636

4.9

2 to 3 hours

27

28

0.964

-0.4

3 hours

37

53

0.698

-3.4

up to 0.5 L

49

20

2.450

9.0

0.5 to 1 L

25

33

0.758

-2.8

1 to 1.5 L

12

22

0.545

-6.1

˃1.5 L

14

25

0.560

-5.8

present

16

36

0.444

-8.1

no hematoma

84

64

1.313

2.7

16. Intraoperative blood loss:

Postoperative period
17. Hematoma:
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