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Background: The main purpose of this study was to compare the effects of various lavage techniques — traditional saline la-
vage (SL), pulse lavage (PL), closed drainage (CD), and iodine lavage (IL) — on preventing incision-related infec-
tion after posterior lumbar interbody fusion.

Material/Methods: Patients with prolapsed lumbar (intervertebral) discs (PLID) undergoing posterior lumbar interbody fusion sur-
gery (PLIF) over the course of 2 years were included and were randomly allocated into 4 groups: the SL group,
the PL group, the CD group, and the IL group. Relevant data were recorded, including preoperative conditions,
intraoperative lavage time, lavage fluid volume, incision outlook, pain perception, results of routine blood tests,
and postoperative infection rate.

Results: The PL, CD, and IL groups showed less intraoperative lavage time, lavage volume fluid, effusion, infection rate,
and muscle and lower pain perception compared with the SL group (all P<0.05). Significant differences in white
blood cell (WBC) count, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) were observed be-
tween preoperative and postoperative data in each group (P<0.01). No significant differences in clinical char-
acteristics, postoperative temperature, suture removal time, incision characteristics, WBC, ESR, and CRP were
observed among the PL, CD, IL, and SL groups (P>0.05).

Conclusions: PL, CD, and IL all showed much better postoperative infection prevention in comparison to SL.

MeSH Keywords: Clinical Laboratory Techniques ¢ Clinical Nursing Research ¢ General Surgery
Abbreviations: PLIF - posterior intervertebral disc fusion surgery; SL — saline lavage group; PL — pulse lavage group;
CD - closed drainage group; IL — iodine lavage group; WBC — white blood cell; ESR - erythrocyte sedi-

mentation rate; CRP - C-reactive protein
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Background

Posterior lumbar interbody fusion (PLIF) is an popular spinal
fusion surgery that involves combining bone graft with a cer-
tain areas of the lumbar disc to facilitate bone growth be-
tween the 2 vertebral elements, thereby preventing the mo-
tion of that integral part [1]. This technique has been used as
a standard treatment for various spinal pathologies, such as
degenerative disk disease, trauma, instability, and pseudar-
throsis [1]. Nevertheless, postoperative morbidity caused by
wound infection is one of the most common and devastating
acute complications of PLIF. A postoperative infection rate
ranging from 0.2% to 2.75% has been reported by previous
research [2]. Irrigation of the wound surface is performed to
remove microbes near the wound, which might thereby de-
crease the inflammatory reaction rate. Conventional artificial
dumping rinse is limited in treatment efficacy and it may trig-
ger secondary infections [3]. Furthermore, frequent symptoms
of spinal postoperative infection, including incision pain, fe-
ver, and oozing, can rarely be identified at early stages, and
prolonged diagnosis of these symptoms may eventually result
in surgical failure [4].

Pulsed lavage (PL), which has been widely applied in clinical
practice, delivers irrigating solution under pulsed pressure. The
pulsed irrigator produces pulsed current under varied pressures
to irrigate the wound so that microbes and foreign bodies are
removed from the wound and infection can be effectively pre-
vented [5]. In addition, PL promotes granulation tissue growth
[6]. Compared with conventional irrigation techniques, PL is
also advantageous in enhanced efficiency and economic us-
age of irrigating fluid. Omnidirectional irrigation is another
popular technique that has been employed in irrigating med-
ullary cavities, yet it has rarely been used in postoperative ir-
rigation in spinal surgery.

Closed drainage (CD) has closed area around the wound, which
is created by protective materials in conjunction with a biolog-
ic semi-permeable membrane that leads irrigating fluid to the
wound [7]. In comparison to artificial dumping rinse, CD is more
effective in suppressing bacteria growth, thereby preventing
postoperative infections. CD not only prevents the correspond-
ing symptoms of infection, but also reduces the pressure re-
quired within the lumen [4,8]. CD has been used as a cleans-
ing therapy for open fractures of the extremities and it is also
being introduced to clean wounds in surgical operations [9].

lodine lavage (IL) and traditional saline lavage (SL) rinsing in-
volves simultaneous examination and cleaning of wounds,
followed by immersion in 0.1% povidone-iodine solution. SL
is used to remove contaminated, dark-colored, or nonviable
tissues, whereas IL in conjunction with broad-spectrum bac-
tericide is able to remove necrotic tissues and clean bacteria
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arising from arthrotomy and laceration [10]. The popularity of
IL and SL rinsing is growing in clinical practice, and they both
have been introduced to prevent postoperative infection [11].

These 4 irrigation techniques all possess strengths and short-
comings, yet few investigations have compared them in detail.
Therefore, this retrospective study was carried out to compare
the treatment effectiveness of 4 wound irrigation techniques:
SL, PL, CD, and IL.

Material and Methods

Study participants

We recruited 160 patients with prolapsed lumbar intervertebral
discs (PLID) who were treated with posterior lumbar interbody
fusion surgery (PLIF) from January 1% of 2014 to December 315
of 2015. The included patients were: 1) older than 18 years old
without any severe disorders relevant to heart, kidney, lung,
or other organs; 2) diagnosed with PLID or lumbar vertebral
tube narrow syndrome; 3) met requirements for performance
of PLIF; 4) not accompanied by diabetes, lumbar tumor, lumbar
tuberculosis, infection, or trauma that could affect inflamma-
tion indexes. Patients were excluded if: 1) they suffered from
dysfunctions related to the heart, kidney, or other organs,
which might prevent surgery; 2) their lumbar disc herniation
and lumbar spinal canal stenosis were not clear; 3) they re-
fused surgical interventions. This study was approved by the
Ethics Committee of Shanghai Ninth People’s Hospital and the
Hospital of Integrated Traditional and Western Medicine of
Zhejiang, and all participants signed consent forms. Patients
were divided into 4 equal groups (PL, CD, IL, and SL) by ran-
dom number table method.

Pre-irrigation examination

Venous blood specimens were obtained from fasting patients
on the morning before surgery. Preoperative routine exami-
nations were carried out, including routine blood tests, elec-
trolytes, coagulation profile, and electrocardiography (ECG).

Surgery

All patients were put under general anesthesia, and they were
placed on the operating table in prone position. Surgery sites
were located by X-ray, and then they were disinfected with
sterile drapes. Subsequently, intervertebral bone grafting and
fusion were conducted from the posterior midline incision.
After carefully observing the inflexible soft tissue muscles on
both sides of the incision due to pressure and contusion of
expanders, tissue scissors were used to cut the surface of ne-
crotic soft tissues until petechial hemorrhages were exposed
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to the fresh soft tissue. Subsequently, patients underwent dif-
ferent methods of irrigation performed 3 times. Specific oper-
ation procedures are as follow.

PL group

Incisions were irrigated with pulsed lavage with application
of a pulsatile lavage unit (Apexpulse™ AP-DO01). After patients
were placed on the operating table in prone position, a ster-
ile basin was put below the incision and the table was cov-
ered with waterproof sheeting. Technicians ore protective gog-
gles, waterproof gown, and sterile gloves before performing
pulse lavage. Saline was delivered to the surface of the wound
through a soft detachable spray nozzle. Finally, the lavage unit
was connected to the saline supply (volume: 3000 ml) at 38°C.

CD group

Saline solution was used to flush the incisions in the usual
way. Three closed drainage tubes were set up: 2 tubes were
placed on the top and ends of incisions under the deep fascia,
while the third tube was placed on the end of incisions under
subcutaneous tissues. The deep fascia was stitched closely on
both sides, while subcutaneous tissues were stitched in the
routine way. The irrigation tube was set at 100 ml/h flushing
for 24 h, so that the fluid properties and drainage status can
be observed closely. According to the clarity of the drainage,
liquid adjustments were made to match flow velocity.

IL group

The incision was flushed with 0.1% iodine solution (volume:
200 ml) and soaked for 2 min, then the incisions were flushed
with normal saline under adequate hemostasis conditions.

SL group

The incisions were flushed with saline solution in the usual
way. Patients were placed in prone position. The sterile ba-
sin was placed below the incision and the table was covered
by waterproof sheeting. All medical staff wore waterproof
gowns and sterile gloves. No postoperative prophylactic an-
tibiotics were used.

After the third irrigation, specimens were obtained via cotton
swab from the posterior back muscles and intradiscal space.
Bacterial culture was aerobically performed with MacConkey
agar medium (MAC) under conditions of 37°C, light 3000~5000
Ix, and medium of pH 7.0.
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Evaluation of intraoperative index

The corresponding intraoperative lavage time and lavage flu-
id volume were recorded for each patient to evaluate the sur-
gical effects of different lavage techniques.

Evaluation of postoperative index

General clinical information, including the average body tem-
perature of patients at 1 week after the operation and the cor-
responding suture removal time, were recorded in each group.
Incisions of patients in each group were observed carefully.
Signs of red color, swelling, heat at incision site, and effusion
were monitored during the course of incision. All signs were
classified within 4 grades: none, mild, moderate, and severe.
Indicators of reddening, swelling, and heat at the incision site
were classified by touch or observation. The wound effusion
quantity was used to classify effusion: (1) “none” — the gauze
was still dry after 24 h; (2) “mild” - seepage quantity was less
than 5 mL in 24 h; (3) “moderate” seepage quantity ranged
from 5 mL to 10 mL in 24 h; (4) “severe” — seepage quanti-
ty was more than 10 mL in 24 h. Perception of patients with
respect to pain caused by debridement was also monitored.

Venous blood was collected from fasting patients on the 7t
day after the operation. It was prepared to assess white blood
cell count (WBC), erythrocyte sedimentation rate (ESR), and
C-reaction protein (CRP) contents. Bacteria at the incision
sites were inspected under a microscope and a colony-form-
ing unit was selected for Gram staining. The positive marks
showed bacterial growth, whereas negative mark showed no
bacterial growth.

Statistical analysis

All data were analyzed by using GraphPad Prism 6.0 (SPSS,
Inc., Chicago, IL, USA). Count data were analyzed using the chi-
square test. Measurement data, which are displayed in the form
of mean + standard deviation (SD), were compared with the t
test or one-way analysis of variance (one-way ANOVA) provid-
ed that the assumption of normality was not violated. If the
assumption of normality was violated, then the t test was re-
placed with the Wilcoxon rank-sum test. The significance lev-
el for all statistical tests was set at P<0.05.

Results

Preoperative clinical characteristics baseline of participants

A total of 160 participants were equally assigned to SL, PL, CD
and IL groups (Table 1). No significant differences were observed

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Fei ). et al.:
Lavage techniques for preventing incision infection
© Med Sci Monit, 2017; 23: 3010-3018

CLINICAL RESEARCH

Table 1. Clinical baseline characteristics of patients among four groups of SL, PL, CD and IL.

Items SL PL cD IL P

Sample size 40 40 40 40 -
Agelearsold)  47.0%133  443:127  436s141  47.0¢126 0541t
Gender(maleffemale) 2812 2416 2416 2515 0764t
CBMIGg/m)  2e8tls 270121 266:12  275:17 0085t
Csmoking(, %) 5(25%  7(75%) 6 as% 8 0% 0821r
CAlcohol(n,%) 175w 13325%) 13625% 2 Gow 0956

# Chi-square test; * single factor analysis of variance (One-Way ANOVA). BMI — body mass index; SL — traditional saline lavage;
PL - pulse lavage, CD — closed drainage, IL — iodine lavage.
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Figure 1. Comparison of the intraoperative lavage time (A) and lavage fluid volume (B) among the 4 irrigation techniques.
A - SL group; B — PL group; C — CD group; D — IL group. **** P<0.0001.

Table 2. Comparison of average body temperature and suture removal time one week after operation among groups of SL, PL, CD

and IL.
Items SL PL cD IL P
Postoperative temperature (°C) 36.59+0.30 36.49+0.34 36.51+0.31 36.45+0.37 0.339*
Suture removal time (d) 12.6+3.4 12.1+1.1 12.5+1.5 12.5+1.0 0.665*

“ Single factor analysis of variance (One-Way ANOVA); SL — saline lavage; PL — pulsed lavage; CD - closed drainage; IL — iodine lavage.

in sex distribution (P=0.764), body mass index (P=0.085), smok-
ing (P=0.821), or alcohol consumption (P=0.956).

Intraoperative index

PL, CD, and IL groups showed shorter intraoperative flushing
time (Figure 1A) and volume of flushing fluid (Figure 1B) when
compared with the SL group (P<0.05), implying that PL, CD, and
IL exhibited stronger clinical efficiency in comparison to SL.
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Clinical postoperative evaluation

There were no significant differences in average postopera-
tive temperature (P=0.339) or suture removal time (P=0.665)
among PL, CD, IL, and SL groups (Table 2). Similarly, there was
no significant difference in the adverse events, such as red-
dening (P=0.219), swelling (P=0.074), or fever (P=0.298), be-
tween the SL and the other 3 groups (PL, CD, and IL) (Table 3).
However, the other 3 groups exhibited significantly less effu-
sion than the SL group (P<0.001). Furthermore, PL, CD, and IL
groups showed significantly less pain perception than in the
SL group (P<0.010) (Table 4).
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Table 3. Classification of reddening, swelling, fever and effusion at incision sites after debridement.

Group Grading Reddening (n, %) Swelling (n) Fever (n) Effusion (n)
None 21 (52.5%) 21 (52.5%) 30 (75.0%) 13 (32.5%)
Cmid 6 @00% 4 @50% 8 0o% 18 (@50%
SL Moderate 3 @S 5 25% 2 oW o @as%)
CSevere R o ©on o ©o% o ©o%
CTotal 2 (000% 20 (1000%) 20 (000%) 20 (1000%
"""""""""" None 29 (25%) 21 (522%) 35 @75%) 29 (25%)
mid nooersw 19 @7sw 5 (25%) 5 (25%
PL Moderate I o ©ow o 0% 6 (150%
CSevere R o ©ow o ©w% o %
CTotal 2 (000%) 2 (000%) 2 (000%) 20 (1000%)
"""""""""" None 30 (50% 23 (75% 35 @5%) 31 @75%)
mid o @s% 7 @sw 4 qoo% 7oarsw
®  Moderate - 1 oesw o 00w 1 oesw 2 60w
CSevere R o ©on o % o %
CTotal 2 (000%) 2 (000%) 2 (1000%) 20 (1000%
"""""""""" None 29 (725%) 25 (625%) 37 (925%) 32 (800%)
mid 0 @sow 13 @25% 3 @5 7oarsw
L Moderate L > (0% o ©w%» 1 @sw
Csevere o o ©o% o ©00% o ©00% o 0o%
CTotal 2 (000% 2 (000%) 20 (000% 20 (1000%
"""""""""" ¢ 8»ss  usos 7248 29530
"""""""""" P o029 oo o028 <001
SL - saline lavage; PL — pulsed lavage; CD — closed drainage; IL — iodine lavage.
As suggested by one-way ANOVA, no significant difference in ~ Discussion

WBC, ESR, or CRP were observed in pre-irrigation stages (P=0.555,
0.589, and 0.177, respectively) or in post-irrigation stages
(P=0.995, 0.784, and 0.981, respectively) among the 4 groups
(all P>0.05) (Table 5). However, there appeared to be significant
differences in WBC, CRP, and ESR between the pre-irrigation
and post-irrigation stages in all groups (Figure 2, all P<0.001).

Bacteria in muscle and intervertebral disc

We also inspected bacteria around the incision in muscles and
intervertebral discs. The infection rate with respect to muscle
in the SL group (20%) was much higher than in the PL (2.5%),
CD (0%), and IL (0%) groups (P < 0.001) (Table 6). Nevertheless,
there was no significant difference in the infection rate with
respect to intervertebral discs among the 4 groups (P=0.104).

Exposing spinal lesion areas of PLIF in surgical procedures is
challenging, since deep fascia needs to be cut so as to sepa-
rate the paravertebral muscles, and its implementation is time-
consuming. During the surgical process, patients may have an
unexpectedly high risk of infection, which may lead to severe
chronic diseases [12,13]. To solve this issue, wound irrigation
was applied, aimed at cleansing the wounds thoroughly [14].
The current study compared the effectiveness of 3 wound irri-
gation techniques (PL, CD, and IL) with conventional SL, hoping
to determine which method has the best treatment efficacy.

Use of SL requires the largest dose of solution, which makes it
time-consuming. In contrast, the irrigation time of PL is short-
er because the solution used in PL are vaporific mixtures that
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Table 4. Classification of incision pain perception before and after debridement among four groups of SL, PL. CD and IL.

Grading Pre-debridement (n, %) Post-debridement (n, %)

SL - saline lavage; PL — pulsed lavage; CD — closed drainage; IL — iodine lavage.

Table 5. Comparison of WBC, ESR and CRP preoperatively and postoperatively among four groups of SL, PL, CD and IL.

Items Detection timing SL PL (¢)) IL 4

Preoperative 16.38+4.47 17.23+4.65 15.65+5.17 16.28+5.42 0.555%

B 1102 e
Postoperative 9.4043.12 9.52+3.22 9.35%+3.32 9.43+2.71 0.995*
Preoperative 58.17+13.06 56.3+12.83 60.3+13.38 58.6+£13.25 0.589*

CRP (MG/L) s
Postoperative 1.24+1.60 0.97+1.02 1.01+1.22 1.13+1.27 0.784*
Preoperative 48.21+11.66 47.76+15.14 52.01+11.02 45.4+12.10 0.177*

ESR (MM D) ol
Postoperative 9.71+7.59 10.27+7.39 9.8518.02 10.32+8.89 0.981*

* Single factor analysis of variance (One-Way ANOVA); SL — saline lavage; PL — pulsed lavage; CD — closed drainage; IL — iodine lavage.
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Figure 2. Comparison of WBC (A), CRP (B), and ESR (C) between pre-irrigation and post-irrigation stages. **** P<0.0001.

Table 6. Bacteria culture in muscles and intervertebral disc among groups of SL, PL, CD and IL.

Muscle layer

Infection
rate/%

Intervertebral disc Infection

rate/%

SL - saline lavage; PL — pulsed lavage; CD — closed drainage; IL — iodine lavage.

are composed of washing solution and compressed air, there-
by mitigating local inflammatory responses [15]. In CD, the im-
plementation time and solution dosage are carefully set for an
enclosed area that is formed by special materials and biolog-
ical membranes [9]. Debridement cleans the wound surface
of tissues, and provides a relatively clean zone that reduces
the corresponding betadine dosage by 0.1% [16]. As was sug-
gested by our study, no significant differences in prevalence
of adverse events, including reddening, swelling, or heat at
the wound site, were displayed between SL and the other 3

techniques (PL, CD and IL). Also, no significant difference in
stitch removal time was observed at 1 week after the opera-
tion, indicating that PL, CD, and IL had less influence on pa-
tient discomfort than SL. Furthermore, SL cannot be imple-
mented continuously, and its rinse angle and pressure are
hard to manage during the cleaning process, which creates in-
creased seepage volume and infection risk. Conversely, PL, CD,
and IL were associated with decreased pain and seepage vol-
ume when compared with SL, which may expedite the heal-
ing of wounds [17,18].
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WBC, CRP and ESR have been widely utilized to monitor in-
flammatory responses in patients undergoing spinal sur-
gery [19,20]. It was shown that post-irrigation hemograms
(WBC, CRP, and ESR) were significantly more desirable than
pre-irrigation hemograms, suggesting that irrigation can effec-
tively restore the aberrant hemograms to normal levels [21].
There was no significant difference in the post-irrigation he-
mogram or the bacteria-positive rate among the 4 groups,
suggesting that the 4 irrigation techniques might reduce the
risk of infection effectively [4,6,22]. Moreover, PL, CD, and IL
groups exhibited a lower positive rate of bacteria in muscu-
lar tissues than in the SL group, indicating that PL, CD, and IL
promote wound healing more than SL [23]. It has been docu-
mented that PL is much more effective and efficient in remov-
al of bacteria in complicated musculoskeletal incisions than
SL [6,24]. CD effectively prevents infection caused by PLIF in-
cision, which may be correlated with improving microcircula-
tion of the wound, clearance of dead tissues, and generation
of new blood vessels [25,26]. Betadine has been verified as a
cost-effective antimicrobial with low toxicity, which decreas-
es the corresponding risk of bacterial infection and inflamma-
tory reactions [27,28]. Since the saline in SL is delivered ver-
tically, bacteria may be diffused deeply into the wound, and
the risk of infection due to poor bacterial inhibition may be
increased. In spite of the above accomplishments, we did not
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control the solution temperature during implementation of PL,
CD, IL, and SL, which may result in biased results. Apart from
that, the bleeding amount and extent of soft tissue contusion
of subjects were not compared. Hence, we encourage future
researchers to address these limitations by conducting stud-
ies with rigorous experimental design to control for potential
confounding factors.

Conclusions

Overall, the use of PL, CD, and debridement combined with
0.1% betadine irrigation (IL) did not have significant influence
on patient discomfort. Compared with SL, we found that PL,
CD, and IL exhibited reduced average irrigation time, as well
as decreased dosage of solution used, to improve the irriga-
tion efficiency. Other potential strengths of PL, CD, and IL may
include decreased seepage volume, which can enhance heal-
ing of wounds. Therefore, we conclude that PL, CD, and IL are
good solutions for preventing postoperative bacterial infec-
tions within muscle layers.
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