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Abstract
Purpose Hysterectomy (Hys) is the most common non-urologic surgery associated with iatrogenic genitourinary (GU) injury. 
We present the largest known population-based evaluation of GU injury related to benign Hys.
Methods The New York Statewide Planning and Research Cooperative System (SPARCS) was queried by ICD-9 and 
CPT codes. SPARCS for women from 1995 to 2014, who underwent laparoscopic or robotic Hys (minimally invasive sur-
gery = MIS), abdominal Hys (AH), and vaginal Hys (VH) for benign diagnoses. Bladder and ureteral repairs were captured 
based on the procedure codes. Codes for ureteroneocystotomy (UNC) were compared to any other ureteral repairs, to elu-
cidate injury patterns. Statistical analysis was conducted using Chi squared test, ANOVA, Mann–Whitney test and Poisson 
Regression and multivariable analysis were performed.
Results 516,340 women underwent Hys for a benign etiology. 69% were AH, 25% VH, and 6% were MIS. 7490 patients 
(1.45%) had a concomitant GU injury. Compared to VH, MIS and AH were associated with greater odds of bladder and 
ureteral injury (p < 0.001). MIS and AH, compared to VH, were associated with reduced odds of UNC compared to complex 
reconstruction (OR 0.27, p < 0.001 and OR 0.12, p < 0.00, respectively). The injured cohort had higher total mean charges 
($29,889 vs $15,808) and length of hospitalization (6.32 vs 3.56 days) (p < 0.001).
Conclusions Bladder and ureteral injuries during hysterectomy are uncommon in contemporary practice and are lower than 
historical rates. GU injury increases hospitalization cost. VH is associated with the lowest rate of GU injury, and thus appears 
to be a valuable approach, when feasible.
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Introduction

Gynecologic surgery, hysterectomy in particular, represents 
the most common source of non-urologic iatrogenic geni-
tourinary (GU) injury. There are an estimated 600,000 hys-
terectomies performed annually in the United States [1, 2]. 
Iatrogenic GU injury during hysterectomy has potential for 

significant morbidity including delayed convalescence, the 
need for secondary procedures, as well as increasing health 
care costs. A population analysis examining factors associ-
ated with bladder injury (BI), utilizing the National Surgi-
cal Quality Improvement Program (NSQIP) database, found 
that 30% of iatrogenic BI were associated with gynecologic 
surgery [3].

The incidence of ureteral injury (UI) during gynecologic 
surgery ranges 0.083–2.5% in published literature, and is 
often more common during oncologic surgery [3–6]. The 
most common sites of ureteral injury are at the infundibu-
lopelvic ligament, the distal uterosacral ligament (as the ure-
ter courses under the uterine artery near the cardinal liga-
ment), and near the cervix and vaginal cuff in the proximity 
of the ureterovesical junction [4, 5, 7].

There are multiple potential mechanisms of BI and UI; 
this includes contusion, thermal injury, laceration of bladder 
or ureter, ureteral transection, ureteral ligation or kinking, 
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and devascularization of the ureter [4]. A delayed diagnosis 
of UI increases the risk of complications including infection, 
pain, urinoma, hydronephrosis, renal injury or renal loss and 
can thus result in increased health care costs [6, 8]. Further-
more, GU injury during benign gynecologic surgery has also 
been associated with impaired quality of life, disability, as 
well as litigation [9].

There are multiple surgical approaches, at the discretion 
of the surgeon, to remove the uterus for non-malignant diag-
noses. While traditional open abdominal hysterectomy (AH) 
clearly has a role in benign hysterectomy, there is a push 
for minimally invasive surgical approaches to hysterectomy; 
these include vaginal hysterectomy (VH), laparoscopic-
assisted vaginal hysterectomy (LAVH), and robotic-assisted 
hysterectomy.

We sought to examine the trends in GU injury in patients 
undergoing benign hysterectomy, in a contemporary cohort-
based population analysis by differing surgical approaches. 
We also characterized risk factors for BI and UI during dif-
ferent hysterectomy techniques and to assess the impact of 
hospitalization and costs related to GU injury. To our knowl-
edge, this is the largest and most contemporary population-
based observational cohort analysis of GU injuries associ-
ated with benign hysterectomy.

Materials and methods

Data source and population

We queried the New York Statewide Panning and Research 
Cooperative System (SPARCS) database to identify adult 
(age ≥ 18 years) women who underwent hysterectomy for 
benign diagnoses between 1995 and 2014. The SPARCS 
database is a large comprehensive all payer database report-
ing system in New York State which collects patient level 
details on characteristics, diagnoses, treatments, services 
and charges in both the inpatient and outpatient settings. 
Each patient is assigned a unique identifier which allows for 
longitudinal follow-up. Institutional review board exemption 
status was given due to de-identified data and the retrospec-
tive, descriptive design of our study.

Utilizing ICD-9 diagnosis and procedures codes, we 
identified all women, age ≥ 18 years, who underwent hys-
terectomy. The SPARCS database reports inpatient proce-
dures using ICD-9-CM codes rather than current procedural 
terminology (CPT) codes. Women who underwent a hys-
terectomy for malignancy were excluded from our analysis 
(Online Resource Table 1). Hysterectomy procedures were 
further classified by surgical approach: open abdominal hys-
terectomy (AH), vaginal hysterectomy (VH) and minimally 
invasive hysterectomy (MIS), which includes laparoscopic 
or robotic approaches (Online Resource, Table 2). Patients 

who sustained BI or UI during hysterectomy were identi-
fied by ICD-9-CM codes, indicating repair/reconstruction 
(Online Resource, Table 3). We excluded cystoscopy and 
ureteral stent placement without coincident bladder and/or 
ureteral repair codes, due to the inability to distinguish rou-
tine pre-operative placement of ureteral stents from stents 
placed in the setting of ureteral injury during hysterectomy.

The incidence and trends of BI and/or UI related to 
benign hysterectomy were categorized by surgical approach 
and risk factors associated with BI and/or UI were identified. 
The incidence and predictors of UI repair were compared by 
categorizing UI repairs into “simple” ureteroneocystotomy 
(ICD-9-CM 56.74) versus more “complex” repairs (i.e. boari 
flap, uretero-ureterostomy, transuretero-ureterostomy), due 
to the lack of coding granularity. The repair type was used as 
a surrogate to define the location of ureteral injury, because 
the dataset lacked the location and type of ureteral injury 
information. Additionally, cost analysis was performed com-
paring women who sustained BI and/or UI to those who had 
no GU complication related to their hysterectomy.

Statistical analysis

Statistical analysis was performed using R statistical soft-
ware (University of Auckland, New Zealand). Student 
t test was employed for continuous variables, Chi square 
for nominal categorical variables, and Poisson Regression 
analysis to characterize hysterectomy and injury trends over 
time. Multivariable logistic regression analysis were per-
formed to determine risk factors for GU injury. Length of 
stay and cost analysis was done using one-way ANOVA and 
Mann–Whitney U tests. p value < 0.05 was considered sta-
tistically significant.

Results

516,340 women with benign disease had a hysterectomy 
in New York State between 1995 and 2014. 7490 unique 
women (1.45%) who had BI and/or UI repaired at the time 
of surgery or post-operatively were identified. The incidence 
and distribution of injuries were 0.74% BI, 0.23% UI and 
0.02% BI and UI. Interestingly, only 27 patients with GU 
injury had repeated hospitalizations for urologic repair, indi-
cating the majority (99.6%) were detected on initial hos-
pitalization. Baseline demographic and comorbidity data 
for the entire cohort and the injured-cohort are detailed in 
Online Resource 4 and 5. The mean age was 50.16 years. 
Multivariable analysis was conducted and showed diabetes 
(OR 0.84, p < 0.001), hypertension (OR 0.84, p < 0.001), and 
obesity (OR 0.082, p = 0.028) were associated with reduced 
odds for BI and/or UI, while smoking was associated with 
an increased odds (p = 0.002) (Online Resource Table 6).
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Over our 20-year study period, rates of AH and VH 
decreased over time, while rates of MIS hysterectomy 
increased (Fig. 1a). Overall rates of each hysterectomy tech-
nique were 69% AH, 25% VH and 6% MIS hysterectomy. 
AH had the longest mean length of stay at 6.54 days com-
pared to 2.91 days for MIS and 3.43 days for VH (p < 0.001) 
(Online Resource Table 5). Figure 1a illustrates that the 
trends in bladder and ureteral injury repairs during benign 
hysterectomy remained relatively stable from 1995–2014.

GU injury trends by surgical approach were evaluated 
over time using regression analyses. Figure 1b (left graph) 
demonstrates that during AH over the study period, there 
was a decreasing rate of BI and increasing no GU injury 
rate (both p = 0.04), particularly after 2010. There was an 
increasing incidence of no injuries (p < 0.01) while bladder 
only injury proportions decreased (p < 0.01), also mainly 
after 2010. (Figure 1b, middle graph). MIS hysterectomy 
also demonstrated a decreasing incidence of BI (p = 0.03), 
but in sharp contrast to VH and AH, an increasing trend in 
UI (p < 0.01). (Figure 1b, right graph).

Compared to VH, the odds of BI were highest for MIS 
hysterectomy (OR 3.05 p < 0.001) and slightly increased risk 
for AH (OR 1.19, p < 0.001). There were significantly lower 
odds of ureteral injury in VH compared to AH (OR 11.98, 
p < 0.001) and MIS (OR 12.35, p < 0.001) (Table 7, Online 
Resource). There was a significant difference between the 
three hysterectomy techniques overall in terms of the rate 
of “simple” ureteroneocystotomy compared to more com-
plex repairs (p = 0.042). Compared to VH, MIS (OR 0.27 
p < 0.001) and AH (OR 0.13, p < 0.001) were much less 
likely to be associated with ureteroneocystotomy, indicat-
ing AH and MIS hysterectomies were associated with more 
proximal injuries, and thus probably more complex recon-
struction (Online Resource Table 8).

There was a significantly increased mean length of hospi-
talization (6.32 vs 3.56 days) and higher total mean charges 
($29,889 vs $15,808) for the injured cohort compared to 
non-injured patients (p < 0.001). The total additional eco-
nomic burden, based on the charges, for GU injuries dur-
ing hysterectomy in NYS was $62.6 million over the study 
period.

Discussion

Our population analysis is similar to prior historical reports 
on BI and UI during benign hysterectomy. The ranges of BI 
and UI in the literature of 0.2–1.8% for BI and 0.03–1.5% 
for UI are consistent with our findings of 0.74% and 0.23% 
respectively. [5, 8, 10] Three population-based analyses of 
the NSQIP database on gynecologic and pelvic surgery have 
similar findings, with 0.36% BI and 0.3% UI [3, 11, 12].

Over our 20-year study period, the rates of BI and UI 
remained relatively stable. However, the surgical methods 
selected for hysterectomy gradually shifted, particularly 
since 2005. In 2005, the FDA approved the utilization of 
the da  Vinci® robotic platform for use in gynecologic sur-
gery [13]. Since that time, there is an significant increase 
in the utilization of MIS hysterectomy. Pitter et al. found 
that from 2010 to 2013, there was more than double the 
number of robotic-hysterectomies from 17% in 2010 to 
36% in 2013 with a concomitant decrease in the number 
of AH [14]. Furthermore, we can expect that the traction 
of MIS/robotic hysterectomy for benign hysterectomy will 
continue to increase if the trends persist, and proportion-
ally so will UI, which are potentially more complex to 
repair. Despite this, the American College of Obstetri-
cians and Gynecologists recommends VH, the original 
minimally invasive natural orifice surgery, as the preferred 
surgical approach for benign hysterectomy, when feasible, 
due to its safety with respect to GU injury [15].

Based on our data, VH has the lowest risk of BI and UI 
overall relative to other surgical approaches. Our popula-
tion analysis reveals changes in GU injury rates begin-
ning in 2010. After 2010, there are increasing rates of 
absent injury and decreasing rates of BI in both AH and 
VH. Possible explanations for these trends are improved 
patient selection or a heightened awareness of the GU 
injury. However, while the relative pressure on physicians 
to apply new technology in their practice is difficult to 
measure, the market share of robotic surgery for gyneco-
logic applications certainly continues to rise [14].

In a recent Cochrane review, Aarts et al. also found 
that MIS hysterectomy had a higher risk of GU injury (BI 
and UI combined) compared to AH (OR 2.44, 95% CI 
1.24–4.80) [16]. They concluded that no difference in GU 
injury could be appreciated comparing VH to MIS and VH 
to AH, due to the low number of events in the included 
studies [16]. Despite this, the authors concluded that 
VH should be favored over AH and MIS when possible 
based on superior recovery and return to normal activities 
[15–17]. Population-based analysis using the NSQIP data-
base also find higher rates of GU injury with MIS [11, 12]. 
Packiam et al. found similar results and similar highest 
rates of injury in MIS hysterectomy (0.48%) and lowest for 
VH (0.04%) [11]. In another NSQIP study, AH was found 
to have the highest rates of BI repairs and MIS hysterec-
tomy was associated with highest rates of UI repairs and 
VH had lowest rate of UI overall [12]. Moreover, there was 
an increasing trend in UI from 0.19% in 2010 to 0.47% in 
2014 (p < 0.001) [12]. Wong et al. found that rates of GU 
injury during benign laparoscopic gynecologic surgery to 
be 0.33%, 0.08% for UI and 0.24% for BI.[18] Mamik et al. 
found that MIS approach was a significant predictor of UI 
during benign hysterectomy (OR 10.4, 95% CI 2.3–46.6) 
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[19] Consistent among the prior studies is the association 
between MIS hysterectomy and UI.

Despite the multitude of evidence demonstrating relative 
increased risk of GU injury during MIS hysterectomy, lapa-
roscopic-and robotic-assisted surgery continues to grow. We 
identified a rising trend in MIS hysterectomy and decreasing 
rate of VH for benign pathology. Robotic surgery continues 
to rise in market-share across multiple surgical subspecial-
ties, and there is untapped potential in gynecology, where 
there is only 40% utilization.[14]. This is in contradistinction 
to radical prostatectomies, where robotic surgery utilization 
is almost at a maximum. There are widespread marketing 
campaigns advertising robotic-gynecologic surgery, with 
incomplete information regarding complications, operative 
time and cost [20]. All the while, VH, in the appropriately 
selected patient, is an excellent and safe option with respect 
to GU injury. This begs the question, will iatrogenic injury 
continue to rise along with the increasing utilization of MIS 
hysterectomy or will it plateau once the learning curve has 
been achieved?

In addition to the surgical approach, there are other fac-
tors associated with BI and UI during hysterectomy. Several 
studies have found that higher American Society of Anes-
thesiologists (ASA) physical classification, increased blood 
loss, increased length of surgery, large uterus size > 250 g, 
endometriosis, pelvic adhesions and African American race 
are associated with increased risk of GU injury [5, 15, 18, 
19, 21, 22]. Additionally, prior cesarean section, surgery per-
formed by a generalist gynecologist and concurrent bowel 
injury were associated with the increased risk of BI, whereas 
UI was associated with increased blood loss, concurrent 
bowel injury, and prior pelvic surgery [19].

The location of ureteral injury relative to surgical tech-
nique is incompletely characterized in the literature. In our 
analysis, we found that compared to other approaches, VH 
was most likely associated with ureteroneocystotomy, and 
thus more distal ureteral injuries. Ibeanu et al. characterized 
the locations of ureteral injury, the most common location of 
injury was at the level of the uterine artery (12/15), two were 
at the pelvic brim and one at the uterosacral ligament [5]. 
A possible explanation for the difference in ureteral recon-
struction techniques, is that AH and MIS hysterectomy tech-
niques including dissecting more cephalad in the pelvis, put-
ting the more proximal ureter at risk, compared to the distal 
ureter during VH. Repairing such an injury would be more 
“complex” than a straightforward ureteroneocystotomy.

There are several limitations of our analysis, outside 
of the inherent bias associated with retrospective studies. 
The SPARCS database is subject to coding errors which 
may have impacted our analysis, the database uses ICD-
9-CM procedure codes, rather than CPT codes, and are less 
descriptive which limited the analysis, especially as it per-
tains to ureteral reconstruction. There is inherent selection 

bias with respect to low rates of injury in the VH cohort, 
given this approach is often utilized for small size uteri and 
in those patients with less complicated surgical history [23]. 
Our study likely underestimates the incidence of UI, since 
we excluded cystoscopy and ureteral stent placement as a 
procedure of interest and thus likely missed less significant 
injuries that were just managed with ureteral stent place-
ment. The database is limited in that each admission is a 
single event and it is impossible to determine whether the 
BI and UI were recognized and repaired intraoperatively at 
the time of hysterectomy or a delayed recognition during the 
same hospitalization. Furthermore, our cost analysis is unad-
justed for inflation over the 20-year study period and likely 
underestimates the difference in costs between the injured 
and non-injured patients. Our analysis is also limited by the 
lack of long term follow-up and capturing readmissions.

The strengths of our analysis include the large number 
of patients undergoing hysterectomy for benign diagnoses 
and a robust analysis examining the trends and incidence of 
major bladder and/or ureteral injuries. While BI and/or UI 
related to benign hysterectomy is infrequent, the impact on 
patients and the health care system are not miniscule. Future 
study should differentiate patients who underwent routine 
ureteral stent placement for intraoperative ureteral identi-
fication from those who had stents placed for the minor UI 
to the better estimate UI risk during benign hysterectomy.

Conclusion

We characterized a large population-based analysis of GU 
injury related to the elective hysterectomy for benign indica-
tions. VH, with respect to rates of GU injury, appears to be 
the safest approach for benign hysterectomy when feasible. 
While the risk of BI and UI related to surgical management 
of benign gynecologic diseases is very low, there is a poten-
tially significant morbidity related to these injuries with 
increasing lengths of hospitalization and associated costs to 
the health care system.
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