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Background: This study was conducted to observe the influence of different time intervals between prior cervical conization
and posterior hysterectomy on postoperative infection in female patients with cervical intraepithelial neoplasia
or cancer.

Material/Methods: Medical records of 170 patients who underwent hysterectomy following cervical conization between November
2010 and September 2016 at the Zhenjiang 4" Hospital were reviewed. According to the interval between hys-
terectomy and cervical conization, patients were classified into 1-2-week, 4-5-week, and 6-week groups. The
outcomes of 46 patients who underwent conization with iodoform gauze inside the vagina were observed.

Results: The total postoperative infection rate after hysterectomy was 25.3% (43/170). The expression levels of tumor
necrosis factor-a (TNF-a), interleukin-6 (IL-6), and high mobility group box 1 (HMGB1) in the cervical secretions
and tissues were found to gradually increase, peaking at 2 weeks after conization, then significantly decreasing
3-6 weeks onwards. Compared with the 1-2-week group, the 4-5-week and 6-week groups exhibited signifi-
cantly lower infection rates (2/42, 4.8%, 4-5-week group; 0%, 0/33, 6-week group; vs. 41/95, 43.2%, 1-2-week
group; p<0.001). In the 1-2-week group in particular, the postoperative infection rate after laparoscopic hys-
terectomy was significantly higher than the rate after abdominal hysterectomy (21/35, 60% vs. 20/60, 33%,
p=0.0177). In addition, the vaginal and cervical wound infection rates after conization in patients treated with
iodoform were significantly lower than the rates in those without iodoform treatment (p<0.05).

Conclusions: Hysterectomy should be performed at least 4 weeks after conization. Treatment with iodoform would be
beneficial.
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Background

Cervical cancer currently ranks as the second leading cause
of cancer death among women in developing countries [1]. In
China, cervical cancer exhibits an increasing prevalence among
young patients [2]. Cervical intraepithelial neoplasia (CIN) is a
preinvasive condition that precedes cervical cancer. To obtain
better therapeutic outcomes for cervical cancer, it is vital to
diagnose and treat CIN and early cervical cancer. The keys to
the management of CIN and early stage cervical cancer (Stage
IA1) are early diagnosis and appropriate treatment [3], which
involves the central step of cervical conization, either by cold
knife or loop electrosurgical excision [4,5]. In addition, poste-
rior hysterectomy via an abdominal, transvaginal, or laparo-
scopic approach is an important therapeutic measure following
cervical conization for CIN Ill and Stage IA1 invasive cervical
cancer. For patients with Stage IA1 cervical cancer, hysterec-
tomy should be performed. Although hysterectomy is not the
preferred treatment for CIN Ill, some patients still require the
procedure [6].

However, owing to the lack of systematic and unified infor-
mation, the safety and effectiveness of posterior hysterec-
tomy after cervical conization remains controversial. In the
present study, we analyzed the cases of patients with CIN Il
or early cancer (Stage A1) who underwent cervical conization
and posterior hysterectomy in the Maternal and Child Care
Service Center of Zhenjiang, Zhenjiang 4" Hospital (Zhenjiang,
China) to observe the influence of the time interval between
prior cervical conization and posterior hysterectomy on post-
operative infection. Furthermore, the current study also eval-
uated the feasibility and safety of hysterectomy following cer-
vical conization.

Material and Methods

Patients

This study was approved by the Ethics Committee of Zhenjiang
4t Hospital (Zhenjiang, China). Written consent was obtained
from each patient. Medical records of 170 female patients
with CIN Il or Stage IA1 cervical cancer who underwent hys-
terectomy through the abdominal or laparoscopic approach
following prior cervical conization between November 2010
and September 2016 at the Zhenjiang 4™ Hospital were retro-
spectively analyzed. All patients were diagnosed with Grade Il
CIN or invasive cervical cancer through biopsy, and diagnoses
were further pathologically confirmed within 2 days of cervi-
cal conization and subsequent hysterectomy. Patients who re-
ported abdominal pain or fever, or had a history of diabetes,
hypohemia, or thyroid diseases before cervical conization, as
well as those with a history of pelvic surgeries, were excluded.
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Patients with severe pelvic adhesions after operation, with in-
flammation, or with tumors discovered during hysterectomy
were also excluded.

After biopsy, patients with Grade Ill CIN or invasive cervical can-
cer underwent cervical conization and posterior hysterectomy
according to routine protocols. Postoperative prophylactic
anti-infective treatments were implemented after 48 hours.
Indications for hysterectomy included age over 45-50 years
with no desire to preserve fertility, lesions located deep in the
cervical tube, positive tissue margins after cervical conization,
and lack of follow-up conditions.

According to the time interval between cervical conization
and posterior hysterectomy, the patients were divided into 3
groups, as follows: 1-2-week group (patients who underwent
hysterectomy 48 hours to 2 weeks after cervical conization,
comprising 60 cases of abdominal and 35 of laparoscopic hys-
terectomy), 4-5-week group (comprising 20 cases of abdom-
inal and 22 of laparoscopic hysterectomy), and 6-week group
(comprising 9 cases of abdominal and 24 of laparoscopic hys-
terectomy). The influence of the time interval on post-hyster-
ectomy infection was evaluated.

Measurement of inflammatory factors of cervical tissues
and secretions

Cervical tissues and secretion samples from a total of 60 pa-
tients were collected at 0 hours, 48 hours, 1 week, 2 weeks, 3
weeks, 4 weeks, 5 weeks, and 6 weeks after conization. The
mRNA and protein levels of tumor necrosis factor-o. (TNF-cx),
interleukin-6 (IL-6), and high mobility group box 1 (HMGB1) of
these cervical tissues and secretion samples were examined
by quantitative real-time polymerase chain reaction (QRT-PCR)
and immunohistochemical staining, respectively. Infiltration
by inflammatory cells was observed by hematoxylin staining.

Treatment vs. non-treatment with iodoform

In total, 33 patients who underwent conization of the cervix
without hysterectomy from January 2014 to September 2015
at our hospital were reviewed. Every week after the operation,
a 4% iodoform gauze was placed inside the vaginas of these
patients. Tissue around the wound surface was collected at
1, 2, or 3 weeks after conization to measure the expression
levels of TNF-q, IL-6, and HMGB1. Clinical data regarding cer-
vical wound inflammation were also reviewed. In addition, a
group of approximately the same number of patients who did
not receive iodoform treatment after conization of the cervix
during the same period were also examined.
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Table 1. Clinical data of the patients.

1-2-week group
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(n=95)

Age (year) 49.6+6.6
Uterinesize
 length(w) g3
Cowidth o) 58114
 Thickness (om) 39412
intraoperative blood loss (ml) 16956813
Operatingtime (min) 1153£26.2
Daysof hospital stay (days) 7.46:2.19
Antibioticuse () 96.3467.1
 Prolonged antibiotic prophylaxis () - 29
 The highest postoperative temperature (°C) 381205

2;3/2 E)dfap;;stoperatlve temperature more than 1.24+1.54

Infection rate (n/%) 41 (43.2)

4-5-week group 6-week

(n=42) group (n=33)

50.04£5.7 51.2+5.5 0.259
C sm0 g6l 0457
””””””””” 57:09 60t 08
C azm09 39812 0264
””””””” 125565715 1061#512F 00001
”””””””” 99.18184*  1022:120° <0001
”””””””” 6128163 555:170° <0001
”””””””” 543:225*  360£139* 00001
"""""""""" P
”””””””” 79105 37803 00012

0.45+1.06* 0.36+0.74% <0.0001
YT oo

* 4-5-week group compared with 1-2-week group; # 6-week group compared with 1-2-week group.

Reverse transcription qRT-PCR analysis

Total RNA was extracted from cervical tissues or secretions
using TRIzol (Invitrogen, Carlshad, CA, USA), and cDNA was
generated using the PrimeScript® RT Reagent Kit (Takara,
Dalian, China). mRNA was detected by qRT-PCR using the
SYBR Premix Ex TagTM Il kit (Takara). The expression levels
in each sample were calculated using the 224" method and
were normalized using B-actin expression. The primers were
designed as follows: TNF-a-F: CCGAGTGACAAGCCTGTAGC,
TNF-a-R: AGGAGGTTGACCTTGGTCTG, 493 bp; IL-6-F:
TACATCCTCGACGGCATCTC, IL-6-R: AGCTCTGGCTTGTTCCTCAC,
252 bp; HMGB1-F: GAGGTGGAAGACCATGTCTG, HMGB1-R:
TCATAAGGCTGCTTGTCATC, 294 bp; and B-actin-F: CACGA
AACTACCTTCAACTCC, B-actin-R: CATACTCCTGCTTGCTGATC,
265 bp.

Histological observation of tumor tissues

The tumor tissues were fixed in formalin, embedded in paraffin,
sectioned, and then heat-immobilized or pepsin-immobi-
lized according to the manufacturer’s instructions. The slides
were stained with hematoxylin and then observed under a
microscope.

Statistical analysis

All data were statistically analyzed using the GraphPad Prism
5 software package. Data were expressed as means + stan-
dard deviations. Measurement data were compared between
groups with Student’s t test, whereas enumerative data were
compared using Fisher’s exact test. A value of p<0.05 repre-
sented a statistically significant difference.

Results

Basic clinical characteristics

A total of 170 patients underwent cervical conization and pos-
terior hysterectomy, comprising 95 in the 1-2-week group,
42 in the 4-5-week group, and 33 in the 6-week group, with
mean ages of 49.6+6.6, 50.0+5.7, and 51.2+5.5 years, respec-
tively. There were no significant differences in age or uterine
volume, length, width, and thickness among the 3 groups
(p>0.05, Table 1).

Treatment outcomes and postoperative infections
Compared with the 1-2-week group, the 4-5-week and 6-week

groups had significantly less intraoperative blood loss, shorter
operating times, shorter hospital stays, lower antibiotic use,
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Table 2. Postoperative infection after posterior hysterectomy in laparoscopic versus abdominal hysterectomy in the 1-2-week group.

Laparoscopic hysterectomy (n=35)

Infection number (n)

Infection rate (%)

Abdominal hysterectomy (n=60)

Infection number (n) Infection rate (%)

higher postoperative temperatures, and fewer days of postoper-
ative temperatures greater than 38°C (all p<0.01, Table 1). These
results are likely due to the different time intervals between
cervical conization and hysterectomy rather than other factors.

Among the 170 patients who received postoperative prophy-
lactic anti-infective treatments after 48 hours, the total postop-
erative infection rate after hysterectomy was 25.3% (43/170).
The 4-5-week and 6-week groups exhibited both significantly
lower infection rates (2/42, 4.8%, for the 4-5-week group; and
0/33, 0%, for the 6-week group vs. 41/95, 43.2%, for the 1-2-
week group; both p<0.001) and lower prolonged antibiotic pro-
phylaxis rates (4/42, 9.5%, for the 4-5-week group; and 3/33,
9.1%, for the 6-week group vs. 49/95, 51.6%, for the 1-2-
week group; both p<0.001) than the 1-2-week group (Table 1).

In addition, the infections observed in the 1-2-week group in-
cluded complex urinary tract, severe intestinal, vaginal cuff,
and pelvic infections. In contrast, only 2 cases of pelvic in-
fection were observed in the 4-5-week group, and no infec-
tions were found in the 6-week group (Table 1). Refractory
diarrhea, vaginal bleeding, and severe postoperative infec-
tion were observed in the 1-2-week group, in contrast to the
other 2 groups. Furthermore, in the 1-2-week group, with 60
cases of abdominal hysterectomy and 35 of laparoscopic hys-
terectomy, patients receiving laparoscopic hysterectomy had
a significantly higher infection rate than those undergoing
abdominal hysterectomy (21/35, 60% vs. 20/60, 33%, respec-
tively, p=0.0177, Table 2). In particular, there were 2, 3, and 5
cases of complex urinary tract, severe intestinal, and vaginal
cuff infection, respectively, in patients in the 1-2-week group
receiving laparoscopic hysterectomy.

Histological observation

Hematoxylin staining for tumor tissues showed progressive
inflammatory cell infiltration after hysterectomy following
prior cervical conization. Compared with the specimens with-
out obvious inflammation immediately after cervical coniza-
tion (0 h, Figure 1A), some mild inflammation and expansion

of the mesenchymal vessels in the cervical tissue were visible
about 48 hours later (48 h, Figure 1B); after 1 week, signifi-
cant inflammation, high inflammatory exudation on the sur-
face, plasma cell infiltration, and a large number of neutrophils
and lymphatics were observed (1 w, Figure 1C). After 2 weeks,
there was a slight decrease in the number of inflammatory cells
and inflammatory exudation on the surface, along with mild
interstitial edema (2 w, Figure 1D), and about 3 weeks after
the procedure, the number of inflammatory cells was further
reduced, accompanied by the appearance of interstitial fibrosis
(3 w, Figure 1E). Approximately 4 weeks after conization, the
squamous epithelium showed recovery, with infiltration by a
few inflammatory cells (4 w, Figure 1F). Infiltration by inflam-
matory cells reduced significantly at 5 weeks after the proce-
dure (5w, Figure 1G). About 6 weeks after cervical conization,
scattered inflammatory cells in the stroma and matured re-
parative squamous epithelium were visible (6 w, Figure 1H).
Therefore, different levels of inflammatory cell infiltration and
inflammatory reactions were observed at different time inter-
vals between cervical conization and posterior hysterectomy.

Expression of inflammatory factors post-conization

TNF-q, IL-6, and HMGB1 were detected by qRT-PCR in the cer-
vical secretions (Figure 2A) and surrounding tissues (Figure 2B)
after cervical conization. The mRNA expression levels of TNF-a,
IL-6, and HMGB1 in the cervical secretions or tissues peaked at
1 or 2 weeks after conization and then significantly decreased
3-6 weeks onwards (Figure 2). These findings indicate that the
expression levels of TNF-a, IL-6, and HMGB1 in cervical secre-
tions or tissues were significantly affected by the time inter-
val between conization and posterior hysterectomy.

Effect of iodoform on treatment

Clinical data showed that the existence of vaginal odor and
cervical pus, as well as indicators of lack of cleanliness of vag-
inal discharge, were significantly lower in patients who were
treated with iodoform at 1, 2 or 3 weeks after conization than
in those without iodoform treatment (all p<0.001, Table 3).
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Figure 1. Histological characteristics of cervical tissues at (A) 0 h, (B) 48 h, (C) 1 week (1 w), (D) 2 weeks (2 w), (E) 3 weeks (3 w), (F) 4
weeks (4 w), (G) 5 weeks (5 w), and (H) 6 weeks (6 w), respectively, after posterior hysterectomy following conization of CIN
(Grade Il1). (200x magnification). Ten cervical tissue samples were analyzed at each time point.

The mRNA expression levels of TNF-o, IL-6, and HMGB1 in
cervical secretions and surrounding tissues after conization
in patients treated with iodoform were significantly lower
than the levels in those without iodoform treatment (p<0.05,
Figure 3). In addition, the vaginal and cervical wound infection
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rates after conization in patients treated with iodoform were
significantly lower than the rates in those without iodoform
treatment (p<0.005).
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Figure 2. mRNA expression of TNF-a, IL-6, and HMGB1 in cervical tissues (A) and secretions (B) at 0 h, 48 h, 1w, 2w, 3w, 4w, 5w,
and 6 w, respectively, after posterior hysterectomy following conization, examined using qRT-PCR. N=10.

Table 3. Clinical symptoms after conization and cleanliness of vaginal discharge.

Existence of Existence of Cleanliness of
vaginal odor cervical pus vaginal discharge >IlI
lodoform gauze group (n=46) 5 2 7
| Nomiodoform gauze group (n=t6) % 6 0
Cpvae  <om 00004 <0001
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Figure 3. Effect of iodoform on the expression of TNF-c, IL0-6, and HMGB1 detected by qRT-PCR in cervical tissue after conization.

Histological observation showed that the cervical wound in
patients hysterectomized at 1-3 weeks after cervical coniza-
tion was cleaner and had less visible edema and exudation
among those treated with iodoform gauze, allowing the de-
velopment of granulation tissue and improving wound healing
and regeneration (Figure 4).

Discussion

Cervical conization is part of the diagnosis and treatment of
CIN and is performed mainly for the treatment of high-grade
CIN (e.g., Grade Ill) [7]. Hysterectomy, one of the most com-
mon gynecologic surgical procedures, can be performed via
vaginal, abdominal, or laparoscopic approaches [5]. The well-
known risk factors for the persistence/recurrence of CIN after
cervical conization include older age, high cytological grade,
and positive margins [8]. We therefore performed hysterec-
tomy after prior cervical conization for older patients with
high-grade CIN (grade I1l) or early cervical cancer (IA1). In the
present study, we observed the influence of the time interval
between prior cervical conization and posterior hysterectomy
on postoperative infection. The patients were classified into
1-2-week, 4-5-week, and 6-week interval groups. Since the

third week after conization was probably the patients’ men-
struation period, fewer hysterectomies were performed during
that time. As a result, cervical specimens at 3 weeks were not
analyzed. We demonstrated that prior cervical conization with
posterior hysterectomy was safe and effective, with postop-
erative inflammation and infection controlled at low levels,
when hysterectomy was performed 4-5 weeks or more after
cervical conization.

Proinflammatory cytokines, such as TNF-o, IL-6, and HMGB1,
play important roles in the occurrence and development of bi-
ological injury and pathological inflammation processes. TNF-o.
is involved in the systemic inflammatory response in acute dis-
ease phases [9] and plays an important role in reproductive tract
infections [10]. IL-6, a multifunctional inflammatory cytokine
and a key component of the inflammatory mediator network,
is associated with inflammation; its rapid increase after expo-
sure to bacterial components can be used as an early marker
for bacterial infection with efficacy superior to that of procalci-
tonin [11]. HMGB1 and IL-6 are involved in the pathogenesis of
pandemic HIN1 influenza-associated encephalopathy, and the
levels of these inflammatory cytokines in serum can be used
as biomarkers for inflammation severity [12]. In the present
study, we showed that the expression levels of TNF-q, IL-6, and
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Figure 4. Colposcopic examination of cervical tissues at 1, 2, and 3 weeks, respectively, after posterior hysterectomy following
conization with or without iodoform treatment.

HMGBT1 in cervical tissue and secretions gradually increased such as a history of pelvic surgeries, severe pelvic adhesions,
after conization, peaked after approximately 1-2 weeks, and inflammation, and other combined diseases (such as diabe-
then 3-6 weeks onwards following surgery, significantly de- tes and thyroid diseases) related to induction of infection that
creased to the preoperative levels. Given that there were no sig- could affect the occurrence of complications after hysterecto-
nificant differences in age or uterine volume, length, width, and my were excluded, these results indicate that the time inter-
thickness among the 3 groups, and that certain other factors, val between cervical conization and posterior hysterectomy,
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rather than other factors, influenced the expression levels of
inflammatory factors (TNF-o, IL-6, and HMGB1). Histological
observation showed that inflammation (e.g., inflammatory cell
infiltration) was most severe within approximately 1-2 weeks
after conization. Together, these results imply that to avoid
serious postoperative inflammation and subsequent related
infection, it is not advisable to perform hysterectomy within
1-2 weeks following conization.

The time during which hysterectomy could feasibly be per-
formed after prior cervical conization has not yet been de-
termined. Li et al. [13] showed that surgery time, blood loss,
conversion to laparotomy, and preoperative morbidity after
posterior radical hysterectomy performed following conization
varied with the time interval, and indicated that the appropriate
time interval was 6 weeks after conization. Furthermore, a
careful separation of the bladder and ureter from the cervix
was recommended to minimize morbidity. In contrast, some
studies have reported that hysterectomy could be conducted
at any time after cervical conization as long as patients were
in the appropriate condition, rather than precisely within a pe-
riod of 48 hours or >6 weeks [14,15]. Postoperative infection
is one of the most common complications following hysterec-
tomy, not only threatening the health and life of patients but
also affecting the quality of medical care. Risk factors for the
development of postoperative infection include an immuno-
compromised state, obesity, poor nutrition, diabetes mellitus,
prolonged preoperative hospitalization, and infected or devi-
talized tissues [5].

In the present study, we demonstrated that postoperative in-
fections following hysterectomy performed within 2 weeks
after conization were more common and severe than those
occurring following procedures conducted 3-6 weeks after
conization. The rate of postoperative infection following hys-
terectomy conducted 4-6 weeks after conization was 2.67%,
similar to the findings of other reports, whereas the rate fol-
lowing hysterectomy conducted within 2 weeks after coniza-
tion showed a dramatic increase to 43.2%, higher than the
rate previously reported (6.1%) [16].

Moreover, the present study further indicated that compared
with other time intervals, hysterectomy within 2 weeks after
conization led to higher post-hysterectomy infection rates,
increased severity of infection, higher grade and prolonged use
of antibiotics, increased inflammatory cell infiltration, delayed
postoperative recovery, and extended hospitalization time. In
contrast, when hysterectomy was performed 4-6 weeks after
conization, the postoperative infection rates, severity of in-
fection, grade and days of using antibiotics, and inflamma-
tory cell infiltration decreased significantly, with no postop-
erative bleeding and fewer complications. The current study
showed that hysterectomy was safe and feasible 4 weeks after

CLINICAL RESEARCH

conization, with both decreased postoperative infection and
lower use of antibiotics, which may be because the tissues
damaged by cervical conization had already been repaired by
this period. Although inflammation existed around the cer-
vix after conization, it has been reported that radical hyster-
ectomy could be performed at any time after conization [15],
which might be due to the excision of inflammatory organiza-
tion around the cervix in radical hysterectomy, indicating that
greater post-hysterectomy infection was affected by the in-
flammatory organization around the cervix.

Laparoscopic hysterectomy is one of the most common sur-
geries for female patients [17,18]. This procedure has the ad-
vantages of reducing trauma and accelerating postoperative
recovery [19], and it is becoming increasingly popular [20].
Nogueira-Silva et al. [21] reported a postoperative infection
rate of 5.72% in 262 laparoscopic hysterectomy cases. In the
present study, the postoperative infection rates of laparoscopic
hysterectomy in the 1-2-week, 4—6-week, and 6-week groups
were 60.0%, 9.1%, and 0%, respectively. The great variations
in the postoperative infection rates revealed in this study are
likely related to the time interval between cervical conization
and posterior hysterectomy. Furthermore, for hysterectomy
within 1-2 weeks after conization, the postoperative infec-
tion rate associated with laparoscopic hysterectomy (60.0%)
was higher than that associated with abdominal hysterectomy
(33.3%). The explanation might be the following: as uterine
arteries and ligaments close to the cervix were mainly man-
aged by electrosurgery in laparoscopic hysterectomy, inflam-
matory hyperemia around the cervix would reach its peak
approximately 1-2 weeks after conization, resulting in more
coagulation and hemostasis from hysterectomy using bipolar
electrosurgery during this period, with thermal radiation burns
affecting the function of surrounding tissues [22-25]. As a re-
sult, operation time was prolonged, and errhysis, recovery re-
tardation, infection, and dysfunction of the rectum and bladder
occurred after the operation, which further decreased the su-
periority of laparoscopy. In contrast, abdominal hysterectomy
performed with the cold knife procedure causes relatively lit-
tle damage to the surrounding tissues. However, when hys-
terectomy is performed 4 weeks after conization, laparoscopy
is preferred, with lower rates of postoperative infection and
complications.

We showed that treatment with iodoform after conization de-
creased postoperative infection, indicating that if hysterectomy
must be performed within 1-2 weeks after conization, additional
iodoform instead of laparoscopic treatment is recommended.

Only when the optimal operation window of opportunity be-
tween prior conization and posterior hysterectomy is appro-
priately chosen can the risk of surgery-related infections and
complications be reduced. Subsequent hysterectomy within 1-2
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weeks after conization should be avoided, except under spe-
cial circumstances. Instead, posterior hysterectomy is best per-
formed when inflammation has subsided, more than 4 weeks
after conization. If hysterectomy must be carried out within
1-2 weeks following conization, abdominal hysterectomy in-
cluding the suturing of uterine arteries and cold knife cutting
procedures instead of electrical coagulation is recommended,
and treatment with iodoform gauze after conization, an eco-
nomic, convenient, and effective procedure, is also suggested,
whether or not hysterectomy is to be performed.

There are some limitations to the present study. This was a
retrospective study analyzing medical records from a single
center, which might result in some bias in case selection as
well as incomplete clinical and biochemical patient information
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