(2021) 16:123
Miller et al. Radiat Oncol
https://doi.org/10.1186/s13014-021-01843-0

Open Access

RESEARCH

Adjuvant hysterectomy following primary
chemoradiation for stage IB2 and IIA2
cervical cancer: a retrospective comparison
of complications for open versus minimally
invasive surgery
Heather Miller1, Koji Matsuo1, Lynda D. Roman1, Annie A. Yessaian1, Huyen Q. Pham1, Marianne Hom1,
Antonio Castaneda1, Anthony Pham2, Omar Ragab2, Laila Muderspach1, Marcia Ciccone1 and
Laurie L. Brunette1*

Abstract
Background: Adjuvant hysterectomy following chemoradiation for bulky, early stage cervical cancer has been
shown to decrease local relapse rate. The objective of this study is to compare complications and recurrences
between minimally invasive and open adjuvant hysterectomy for early stage cervical cancer.
Methods: Patients were identified who had undergone adjuvant hysterectomy following chemoradiation for 2009
FIGO stage IB2 and IIA2 cervical cancer from August 2006 to June 2018. Demographic information, treatment course,
complications, recurrence data were retrospectively extracted from the medical record. Frequency of complications
was compared with Fisher exact test or chi-square test as appropriate and inverse probability of treatment propensity
score weighting was used to calculate the disease-free survival.
Results: Fifty-four patients met inclusion criteria with a median follow up time of 60.4 months (interquartile range
28.0–98.1 months). There were 24 (44%) open versus 30 (56%) minimally invasive hysterectomies performed. The
overall grade 2 or worse complication rate was 43%. There were 8 (27%) patients with complications in the minimally
invasive group compared to 4 (17%) in the open group (OR 1.82 (95% CI 0.5–7.0)). There were 9 vaginal cuff defects,
dehiscences and/or fistulas in the minimally invasive group compared to 3 in the open group (OR 3.0 (95% CI 0.8–
11.2)). There was no statistically significant difference between disease free survival and overall survival among the
two groups, however there was a trend towards decreased disease-free survival in the minimally invasive group.
Conclusions: Among women undergoing adjuvant hysterectomy following chemoradiation for bulky, early
stage cervical cancer, there was no difference in complication rates between an open or minimally invasive surgical approach. However, the overall complication rate was high, including a high rate of vaginal cuff defect, dehiscence and/or fistulas. Our findings suggest that an adjuvant hysterectomy should be reserved for patients in which
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chemoradiation is not anticipated to successfully treat the primary tumor and, if performed, an open approach should
be considered.
Keywords: Adjuvant hysterectomy, Cervical cancer, Chemoradiation, Complication, Fistula, Hysterectomy, Vaginal
cuff

Introduction
Concurrent chemoradiation is the standard of care for
bulky cervical cancer, which includes 2009 FIGO stage
IB2 disease or higher [1]. The benefit of adjuvant hysterectomy following chemoradiation for bulky early stage
cervical cancer has been an ongoing source of debate [2–
4]. These women have historically high local recurrence
rates and it has been suggested that the geometry of these
bulky tumors and the associated tumor hypoxia was better addressed by hysterectomy than by additional intracavitary radiation [5]. Studies have shown no difference
in overall survival for patients who undergo adjuvant
hysterectomy, but patients with large tumors may benefit
from the procedure by decreasing local recurrence rates
[5–7]. As a result, it had been standard practice at our
institution to perform adjuvant hysterectomy for these
patients. Historically, this was performed via an open
approach, but more recently a minimally invasive surgery
with laparoscopy or robotic assistance has been used. No
studies have examined the role of minimally invasive surgery compared to open surgery in these patients. Furthermore, recent data has emerged that shows an increase in
recurrence rates and overall mortality in minimally invasive surgery versus open surgery for early stage cervical
cancer [8, 9]. The objective of this study is to evaluate the
complication and recurrence rates for stage IB2 and IIA2
cervical cancer in patients undergoing adjuvant hysterectomy after chemoradiation via minimally invasive surgery
compared to open approach.
Methods
A retrospective cohort study was conducted by retrospective chart review after obtaining institutional
review board approval. Strengthening the Reporting of
Observational Studies in Epidemiology guidelines were
followed.
Patient selection

All patients at a single, safety net institution with 2009
FIGO stage IB2 and IIA2 cervical cancer from August
2006 to June 2018 were considered for chemoradiation
followed by adjuvant hysterectomy. If a patient declined
an adjuvant hysterectomy at the time of diagnosis or was
deemed to not be a surgical candidate based on comorbidities or performance status, they received definitive

chemoradiation. Only those patients who ultimately
underwent adjuvant hysterectomy after chemoradiation
were included in this study. Only patients with squamous
cell carcinoma, adenocarcinoma, or adenosquamous carcinoma were included. Any patient who received additional chemotherapy as part of initial cancer treatment
outside of chemosensitization was excluded.
Treatment details

All patients received a standard external beam radiation
dose of 45 Gy and cisplatin for chemosensitization, followed by tandem and ovoid brachytherapy. As all patients
were planned to receive an adjuvant hysterectomy following chemoradiation, the final tumor equivalent dose
(EQD2) of combination external beam radiation and
brachytherapy was limited to a total dose to Point A of
75 Gy or less. Most patients also underwent para-aortic
lymphadenectomy at the time of hysterectomy for pathologic evaluation of the lymph nodes to determine the
need for subsequent extended field radiation. An extrafascial (type 1) hysterectomy was planned for all patients,
however, if the surgeon was concerned for gross residual disease in the cervix based on preoperative exam, a
modified radical or radical (type II or III) hysterectomy
was performed in order to achieve a complete resection
of the primary tumor with an adequate margin. Medical
records were retrospectively reviewed to extract data on
patient demographics, cancer treatment, surgical details,
complications and recurrence.
Endpoint definitions

The primary outcome was overall complication rate,
calculated as total number of complications per total
number of patients. Some patients had multiple complications. Secondary outcomes included disease free
survival and overall survival. Only grade 2 or worse complications at the time of surgery and up to 90 days postoperatively were recorded, based on the classification of
surgical complications [10]. Only complications related
to the surgical procedure were recorded, therefore
excluding toxicity from radiation therapy or chemosensitization. Date and status at last follow up was recorded
until April 2020. Patients who were alive at last follow up
were censored on that date.
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Statistical analysis

Frequency of perioperative complications was compared
between the minimally invasive surgery and open group
with Fisher exact test or chi-square test as appropriate.
Effect size was expressed with odds ratio (OR) and 95%
confidence interval (CI).
The second step of the analysis was to assess the outcome measures (OS and DFS) related to type of surgery
performed. The propensity score inverse probability of
treatment weighting (PS-IPTW) was used to balance the
measured covariates between the two groups [11]. This
analytic approach was used due to small sample size with
limited survival events in which a multivariate analysis would result in over adjustment. PS-IPTW approach
is superior to PS-matching as the matching process will
further reduce the sample size that likely increases the
risk of type II error. PS-IPTW modeling is also superior
to conventional adjustment model in such limited sample
size as multiple adjusting factors may result in overadjustment. [11].
The PS was computed by fitting a multivariable
binary logistic regression model for the type of surgical
approach. Given the small sample size, stringent covariates selection was deployed by choosing a priori historical factors reporting survival effects in cervical cancer
(histology type, cancer stage, and residual disease on hysterectomy specimen) [12–14].
The PS-IPTW approach assigned women in the MIS
group a weight of 1/PS and women in the laparotomy
group a weight of 1/(1-PS), respectively. Size effect was
assessed between the two groups in the weighted model,
and a standardized difference of > 0.20 was considered a
presence of size effect with clinical imbalance [15]. In a
PS-IPTW model, Kaplan-Meier method was used to plot
survival curves, and a Cox proportional hazard regression model was fit to estimate survival effect of MIS use,
expressed with hazard ratio (HR) and 95% CI.
In a sensitivity analysis, the effect of surgical approach
on survival was examined in the unweighted model. All
analyses were based on two-tailed hypothesis, and a
P < 0.05 was considered statistically significant. Statistical
Package for Social Sciences (version 25.0, Armonk, NY,
USA) and R version 3.5.3 (R Foundation for Statistical
Computing, Vienna, Austria) were used for analyses.

Results
Patient characteristics

Fifty-four patients met inclusion criteria for the study
and their demographic information is shown in Table 1.
There were 24 (44%) open versus 30 (56%) minimally
invasive hysterectomies performed. The majority, 49
(91%), were extrafascial (type 1) and 5 (9%) were radical

Page 3 of 9

Table 1 Demographics
Surgical approach
Open

Minimally
invasive

n = 24

n = 30

White

18 (75.0%)

24 (80.0%)

Black

4 (16.7%)

1 (3.3%)

Asian

2 (8.3%)

5 (16.7%)

Hispanic

17 (70.8%)

23 (76.7%)

Non-Hispanic

7 (29.2%)

7 (23.3%)

2006–2011

22 (91.7%)

2 (6.7%)

2012–2018

2 (8.3%)

28 (93.3%)

BMI (kg/m2)

27.6 (IQR 25.2–31.4) 29.3 (IQR 25.0-35.4)

Number
Age (y)

44 (IQR 39–49)

44 (IQR 40–56)

P-value

0.79
0.19

Race

0.76

Ethnicity

< 0.01

Year

0.44
0.77

Cigarette use
No

21 (87.5%)

27 (90.0%)

Yes

3 (12.5%)

3 (10.0%)
0.19

Histology
Squamous

16 (66.7%)

17 (56.7%)

Adenocarcinoma

4 (16.7%)

11 (36.7%)

Adenosquamous

4 (16.7%)

2 (6.7%)

IB2

21 (87.5%)

29 (96.7%)

IIA2

3 (12.5%)

1 (3.3%)

1

1 (4.2%)

8 (26.7%)

2

5 (20.8%)

7 (23.3%)

3

13 (54.2%)

10 (33.3%)

Not defined

5 (20.8%)

5 (16.7%)

Tumor size on
exam (cm)

6.4 (IQR 5.0–7.0)

6.2 (IQR 5.0–7.0)

Type I

21 (87.5%)

28 (93.3%)

Type II or III

3 (12.5%)

2 (6.7%)

0.2

Clinical Stage

0.13

Grade

0.87
0.46

Type of hysterectomy

Median, IQR interquartile range

(type III) or modified radical (type II) hysterectomies.
Radical or modified radical hysterectomy was performed
if there was concern for gross residual disease on exam
on the day of surgery. The majority of patients also had
pelvic and/or paraaortic lymphadenectomy performed at
the time of hysterectomy (22 (92%) patients in the open
surgery group versus 28 (93%) patients in the minimally
invasive surgery group). The study population had a
median age of 44 years (interquartile range 40–52) and
74% were of Hispanic ethnicity. There were no statistically significant differences between groups with regard
to age, race, ethnicity, body mass index or cigarette use.
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The tumor histology was predominantly squamous in
both groups. Twenty-one (88%) of patients in the open
surgery group and 29 (97%) in the minimally invasive
group were diagnosed with FIGO 1 stage IB2 disease.
Median tumor size at diagnosis was 6.4 cm (interquartile range 5.0–7.0 cm) in the open group compared to
6.2 cm (interquartile range 5.0–7.0 cm) in the minimally
invasive surgery group. Median doses of chemosensitization with cisplatin was 5 (range 3–6). Following external
beam radiation, 25 (46%) patients received low dose rate
brachytherapy, and 29 (55%) patients received high dose
rate brachytherapy. The average radiation dose to Point
A in patients undergoing adjuvant hysterectomy was
74.4 Gy.
Twenty-two (92%) patients treated from 2006 to 2011
underwent open surgery, whereas after this, 28 (93%)
patients from 2012 to 2018 underwent a minimally
invasive surgery (p < 0.01). Adjuvant hysterectomy was
performed at a median time of 8.0 weeks following completion of chemoradiation (range 3.9–15.6 weeks). There
was no difference in the median time to adjuvant hysterectomy between patients who experienced complications and those who did not: median time 8.2 weeks
(interquartile range 7.1–9.7 weeks) and 8.3 weeks (interquartile range 7.1–9.9 weeks), respectively. Following

adjuvant hysterectomy, 33 (61%) patients had residual
disease in their hysterectomy specimen with median
residual disease size of 14.5mm (interquartile range 6.827.8mm). In all of the minimally invasive hysterectomies,
the vaginal cuff was sutured from within the peritoneal
cavity using an intracorporeal or extracorporeal laparoscopic or robotic technique.
Complications

The median follow-up time was 60.4 months (interquartile range 28.0-98.1 months) for the entire cohort.
In the MIS group the median follow-up time was 42.0
months (interquartile range 30.0–78.0 months) and 85.2
months (interquartile range 37.2–126.0 months) in the
open group. Twelve of the 54 patients (22%) experienced
at least one grade 2 or worse complication attributable
to the hysterectomy: 8 (27%) in the minimally invasive
group and 4 (17%) in the open group (OR 1.8, 95% CI
0.5–7.0, p = 0.35). The details of each of these complications are listed in Table 2. Among these 12 patients,
there were 23 total grade 2 or worse complications for an
overall complication rate of 43%, summarized in Table 3.
Three (25%) had received low dose rate and 9 (75%) high
dose rate brachytherapy. Nine of these patients (75%)
had residual disease in their cervix on final hysterectomy

Table 2 Details of patients experiencing grade 2 or worse surgical complications
Patient #

Type

Surgical approach

Complication

Treatment

1

Extrafascial

Open

Vaginal cuff necrosis

Conservative management

2

Modified radical

Open

Vaginal cuff dehiscence

Conservative management

Acute blood loss anemia

Blood transfusion

Vesicovaginal fistula

Percutaneous nephrostomy tubes

3

Extrafascial

Open

Urinary tract infection

Antibiotics

4

Extrafascial

Open

Ureteral injury

Intraoperative repair

Acute blood loss anemia

Blood transfusion

Wound seroma

Conservative management

Vaginal cuff dehiscence

Vaginal cuff repair

Acute blood loss anemia

Blood transfusion

Port site hematoma

Conservative management

5

Extrafascial

Laparoscopic

6

Extrafascial

Laparoscopic

Vaginal cuff necrosis

Conservative management

7

Extrafascial

Laparoscopic

Vaginal cuff dehiscence

Vaginal cuff repair

8

Extrafascial

Laparoscopic

Vaginal cuff dehiscence

Conservative management

9

Modified radical

Robotic

Ureterovaginal fistula

Ureteroneocystotomy

Sepsis

Antibiotics

Vaginal cuff dehiscence

Vaginal cuff repair

Acute blood loss anemia

Blood transfusion

Sepsis

Antibiotics

Vaginal cuff dehiscence

Conservative management

Urinary tract infection

Antibiotics

Vaginal cuff dehiscence

Conservative management

Rectovaginal fistula

Diverting loop colostomy

10

11
12

Extrafascial

Extrafascial
Extrafascial

Laparoscopic

Robotic
Laparoscopic
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Table 3 Complication rates overall and by surgical approach
Overall

Surgical approach
Open

Minimally
invasive

Number of patients

54

24

30

Number of patients experiencing any complications

12 (22%)

4 (17%)

8 (27%)

Total number of complications (rate (%))*

23 (43%)

8 (33%)

15 (50%)

Blood loss requiring transfusion

4 (7%)

2 (8%)

2 (7%)

Port site hematoma

1 (2%)

0 (0%)

1 (3%)

Wound seroma

1 (2%)

1 (4%)

0 (0%)

Urinary tract infection

2 (4%)

1 (4%)

1 (3%)

Sepsis

2 (4%)

0 (0%)

2 (7%)

Ureteral injury

1 (2%)

1 (4%)

0 (0%)

Vaginal cuff complication or fistula

12 (22%)

3 (13%)

9 (30%)

*Complication rate calculated as total number of complications per total number of patients. Some patients experienced multiple complications

pathology, compared to 24 of the 42 patients (57%) who
did not experience a grade 2 or higher surgical complication (OR 2.3, 95% CI 0.5–9.5, p = 0.27). Ten patients
experienced at least one complication involving the vaginal cuff, for a total of 12 complications involving the vaginal cuff such as a vaginal cuff defect, dehiscence and/or
fistula between the vagina and urinary or gastrointestinal
tract. Nine of these vaginal cuff complications were noted
in the minimally invasive group compared to 3 in the
open group (OR 3.0, 95% CI 0.8–11.2, p = 0.12).
Of the 3 patients who developed fistulas following
adjuvant hysterectomy, 2 were noted to have a vaginal
cuff dehiscence prior to the fistula diagnosis. One patient
developed a ureterovaginal fistula that was managed with
primary surgical repair with ureteroneocystotomy. One
patient developed a vesicovaginal fistula following conservative management of a vaginal cuff dehiscence that
was treated with bilateral percutaneous nephrostomy
tubes initially for symptomatic relief following which
she was lost to follow up. The third patient developed a
rectovaginal fistula after conservative management of a

vaginal cuff dehiscence and subsequently underwent a
diverting loop colostomy.
There was higher estimated blood loss, 250 mL versus 88 mL (p < 0.001), in the open group compared to
minimally invasive surgery, as well as increased median
length of stay [5 vs. 3 days (p < 0.01)] (Table 4). There
were 6 (20%) patients with multiple complications in the
minimally invasive group compared to 2 (8%) in the open
group.
Recurrence and survival outcomes

During the follow up period there were 9 recurrences and
7 deaths, 6 from cervical cancer disease progression and 1
which was non-cancer related. There were 3 (13%) recurrences in the open group and 6 (20%) in the minimally
invasive group (OR 1.75, 95% CI 0.39–7.88, p = 0.47). Of
the 9 recurrences, 2 (22%) had local recurrences at the
vaginal cuff, 6 (67%) had distant recurrences, including
nodal recurrences and 1 (11%) had both local and distant
recurrence. The PS-IPTW post weighted statistics for
each group based on stage, histology and residual disease

Table 4 Complications by surgical approach
Open (n = 24)

Patients experiencing any complication

Minimally invasive
(n = 30)

P-value

4 (17%)

8 (27%)

0.52

20 (83%)

22 (73%)

0.49

2 (8%)

2 (7%)

Complications per patient
No complications
Single complication
Multiple complications
Estimated blood loss (ml)
Length of hospital stay (days)

2 (8%)
250 (IQR 156–350)
5 (IQR 4–6)

6 (20%)
88 (50–105)

< 0.001

3 (IQR 2–3)

< 0.001

Odds ratio (95%
confidence
interval)
1.82 (0.47–6.97)
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are shown in Table 5. Of the 33 patients with residual
disease in their hysterectomy specimen, 8 (24.2%) had
a recurrence compared to 1 recurrence among the 21
patients (4.8%) who did not have residual disease in
their hysterectomy specimen (OR 6.4, 95% CI 0.74–55.5,
p = 0.09). All 3 of the patients who underwent open surgery and experienced a recurrence had residual disease in
their hysterectomy specimen compared to 5 of the 6 who
underwent MIS and had a recurrence.
Disease free survival using PS-IPTW showed no differences between groups and was 86.3% in the open group
compared to 78.3% in the minimally invasive group (HR
1.71 (0.64–4.61) p = 0.29). Similarly, there were no differences in 5-year overall survival between groups using
PS-IPTW and was 94.6% in the open group compared to
91.0% in the minimally invasive group (HR 1.89 (0.55–
6.49) p = 0.31), Fig. 1.

Discussion
In 2003, a phase III randomized trial enrolled 256
patients with stage IB2 cervical cancer and compared
those who underwent adjuvant hysterectomy versus
no hysterectomy after primary chemoradiation [5].
Although not specifically noted in the manuscript, it
can be inferred that these were performed via the open
approach as the study was performed before the minimally invasive era. They reported combined complication rates from radiation therapy and surgery, but noted
that the addition of the hysterectomy did not increase the
rate of complications, with an overall greater than grade
3 complication rate of 10%5. Our study found an overall
grade 2 or greater complication rate of 43% for adjuvant
hysterectomies in this setting, but no statistically significant difference between patients undergoing minimally
invasive compared to open surgery.

Table 5 Postweighted balance statistics
Open (%)

MIS (%)

Clinical Stage
IB2

7.3

6.6

IIA2

92.7

93.4

Squamous

60.0

59.9

Adenocarcinoma

28.9

28.8

Adenosquamous

11.1

11.3

None

40.3

39.7

Microscopic

37.8

36.1

Macroscopic

22.0

24.3

Histology

Residual cervical disease

P-value

SD
(pre-IPTW)

SD
(post-IPTW)

0.93

0.35

0.03

0.99

0.29

0.01

0.98

0.28

0.06

MIS minimally invasive surgery, SD standardized difference, IPTW inverse probability of treatment weighting

Fig. 1 A Disease free survival, B overall survival. MIS minimally invasive surgery
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There were more vaginal cuff complications in patients
undergoing minimally invasive compared to open hysterectomy; and multiple patients required surgical repair
of the dehiscence or management of a resulting fistula.
Albeit not statistically significant, likely due to the small
sample size, this trend is clinically significant given the
severity of this complication. Prior studies have examined risk factors for vaginal cuff dehiscence, with mode
of hysterectomy playing an important role. Retrospective studies have shown a rate of vaginal cuff dehiscence
of 1.1–4.1% for laparoscopic hysterectomy and 3% for
robotic hysterectomy. This is compared to a rate of 0.29%
for vaginal hysterectomy and 0.12% for abdominal hysterectomy [16, 17]. Type of hysterectomy also affects vaginal cuff dehiscence rates with radical hysterectomy via
minimally invasive surgery showing a 9-fold increase in
vaginal cuff complications compared to extrafascial hysterectomy [17]. Transvaginal closure of the cuff has also
been shown to have a 3- to 9-fold decrease in dehiscence
rate compared to laparoscopic closure [18]. The reason
for increased vaginal cuff dehiscence in laparoscopic hysterectomies is not fully known but theories have been
postulated. During minimally invasive hysterectomy the
colpotomy is made with electrocautery, which may lead
to more tissue necrosis and poor wound healing, something which is particularly concerning in an irradiated
population. Also, the method of closing the vaginal cuff
via laparoscopic or vaginal suturing may be inferior to
the open technique and lead to worse outcomes. In our
study, all patients had a malignancy and received radiation therapy, which are known risk factors for vaginal
cuff complications and poor wound healing [19]. It is
likely that the combination of these risk factors and the
increased risk of cuff complications with minimally invasive hysterectomies results in a particularly high rate of
vaginal cuff necrosis and dehiscence.
While not statistically significant, there was a trend
towards shorter disease-free survival in the group
undergoing minimally invasive adjuvant hysterectomy. This parallels recent data from the laparoscopic
approach to cervical cancer trial showing a decrease
in progression-free survival and increased mortality in patients undergoing primary hysterectomy by
minimally invasive compared to open approach [8].
Other studies have shown similar results, including a large surveillance, epidemiology and end results
(SEER) database study that showed a decrease in overall survival in patients undergoing minimally invasive
surgery compared to open radical hysterectomy [9].
The mechanism by which minimally invasive surgery
may lead to increased mortality and recurrence rates
in cervical cancer patients remains unknown. It has
been postulated that use of the uterine manipulator
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facilitates intraperitoneal tumor spread. It is also possible there is tumor spill into the peritoneal cavity when
making the colpotomy that plays a role in this process.
In our cohort, 61% of patients had residual disease at
time of adjuvant hysterectomy. This is attributed to the
lower doses of brachytherapy these patients received
in anticipation of undergoing a hysterectomy and is in
line with prior studies [5]. While not statistically significant, there was a trend towards higher recurrence
rates among patients with residual disease in their hysterectomy specimen in both the open surgery and MIS
groups, but the low number of events limits further
analysis of this by surgical approach.
Radiation and surgical techniques have evolved substantially since the clinical trial published in 2003 that
reported a lower incidence of local relapse in patients
receiving adjuvant hysterectomy compared to those who
did not after chemoradiation [5]. More recently, a phase
III trial was conducted in France that compared the role
of adjuvant hysterectomy in stage IB2 and II cervical cancer. This study was closed early due to poor accrual, but
ultimately analyzed 30 patients who received adjuvant
hysterectomy and 31 patients who received chemoradiation only. The findings were not statistically significant
but showed improved disease-free survival and overall
survival in patients who did not undergo adjuvant hysterectomy [20]. It is possible, especially in the era of modern
radiation oncology, that there is limited clinical benefit
and increased morbidity with routine performance of
an adjuvant hysterectomy. Thus, adjuvant hysterectomy
should be reserved for situations when intracavitary
brachytherapy is not feasible or the response from chemoradiation is deemed unlikely to result in sterilization of
the primary tumor.
A weakness of our study is the small sample size. However, data was collected over a 12-year period and due to
the specific study population there are few studies that
include more patients. A potential confounding factor in
our study was the year in which surgery was performed.
The decision on route of surgery was at the discretion of
the surgeon, but from 2006 to 2011 nearly all patients
received an open hysterectomy, whereas after 2011 the
majority of patients underwent minimally invasive surgery. Given this, the follow up time for the open cases
is longer than minimally invasive surgery. This bias has
the potential to mask possible future recurrences in the
minimally invasive group, which could lead to greater
differences in recurrence rates and possibly overall survival. Additionally, other factors may have changed
over this time period that affected the outcome, such as
changes in surgeon experience and the learning curve
associated with adopting new minimally invasive surgical
techniques.
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There was also a change in type of brachytherapy given
to patients during the study window. From 2006 to 2011,
the majority of patients received low dose rate brachytherapy after completion of external beam radiation.
In contrast, from 2012 to 2018, the majority of patients
received high dose rate brachytherapy. Low dose rate
brachytherapy delivers a radiation dose of 0.4–2 Gy/h
whereas high dose rate brachytherapy delivers the dose
much faster at > 12 Gy/h. The switch from low dose rate
to high dose rate brachytherapy was made at a very similar time as the switch from open to minimally invasive
hysterectomy at our institution. Therefore, most of the
patients who underwent minimally invasive adjuvant
hysterectomy also received high dose rate brachytherapy.
Of the 12 patients with complications following adjuvant
hysterectomy, 3 (25%) had received low dose rate and 9
(75%) high dose rate brachytherapy. It is possible the
change in radiation also contributed to the increased rate
of complications seen, however it is not possible to make
definite conclusions regarding this given our small sample size and confounding factors.
While older studies do show a decreased local recurrence rate by adding adjuvant hysterectomy to radiation
for these patients [5], the improvement in radiation techniques and addition of cisplatin chemosensitization since
that time may make these findings no longer relevant as
is suggested by our study and others [20–22].

Conclusions
Among women undergoing adjuvant hysterectomy following chemoradiation for bulky, early stage cervical cancer, there was no difference in complication rates between
an open or minimally invasive surgical approach, however, the overall complication rate was high, including a
high rate of vaginal cuff defect, dehiscence and/or fistulas. Our findings suggest that an adjuvant hysterectomy
should be reserved for patients in which chemoradiation
is not anticipated to successfully treat the primary tumor
and, if performed, an open approach should be considered given the trend towards fewer complications and
improved survival noted in this group compared to those
undergoing a minimally invasive surgery.
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