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Abstract

Objective—To determine age-adjusted rates (AAR) of lower urinary tract (LUT) injury and
incidence in selected inpatient gynecologic and obstetric procedures.

Study Desigh—We utilized the National Hospital Discharge Survey, 1979-2006. AAR of non-
obstetric bladder and ureteral injuries and incidence of LUT injury for various hysterectomy types
and deliveries were calculated for women > 18 years old.

Results—Overall AAR of ureteral injury decreased from 0.06 to 0.03 per 1000 women (1979-
2006). AAR of inpatient gynecologic procedures decreased from 24.9 to 11.8 per 1000 women
(1979-2006). By hysterectomy type, bladder injury was highest in LAVH (13.8 per 1000) and VH
(13.1 per 1000). Ureteral injury recognized during hysterectomy was most common with radical
hysterectomy (7.7 per 1000) and least common with LAVH (0 per 1000).

Conclusions—Ureteral injuries at time of inpatient surgical procedures have decreased from
1979-2006. This corresponds with a sharp decrease in inpatient gynecologic procedures.
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Introduction

Lower urinary tract (LUT) injury is a potentially devastating complication of gynecologic
and obstetric procedures. Bladder and ureteral injury may be associated with significant
short-term and long-term morbidity including increased initial operative time, return to the
operating room for subsequent procedures, need for prolonged indwelling catheter drainage,
urinary tract infection, fistula formation, and loss of renal function.1=¢ Urinary tract injury
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may also lead to socioeconomic sequelae including temporary or permanent loss of
employment, anxiety, depression, and deterioration of interpersonal relationships.’
Physicians involved in gynecologic surgery resulting in urinary tract injury may experience
significant personal and financial costs related to the high relative risk of litigation.”

The incidence of LUT injury at time of gynecologic surgery and obstetric procedures has
been poorly studied. Based on systematic review of benign gynecologic surgery, estimated
rates of bladder injury associated with hysterectomy ranged from 0.3 — 6.0 per 1000
surgeries and ureteral injury ranged from 0.2 — 7.3 per 1000 surgeries.8 The estimated rate of
bladder injury associated with other gynecologic or urogynecologic surgery was 11.2 per
1000 surgeries and the rate of ureteral injury was 2.2 per 1000 surgeries.8 The data regarding
the risk of urinary tract injury at time of obstetric procedures is also limited.®: 10 Case-
control data demonstrate an incidence of bladder injury of 0.28% at time of cesarean
delivery.11

The primary objective of this study was to determine age-adjusted rates of non-obstetric
LUT injury in the United States from 1979-2006. Secondarily, we sought to determine the
incidence of LUT injury among women undergoing selected inpatient gynecologic and
obstetric procedures. LUT injury associated with various types of hysterectomy was
calculated. The incidence of bladder and urethral injury at time of spontaneous vaginal
delivery, operative vaginal delivery, and cesarean delivery was determined.

Materials and Methods

The National Hospital Discharge Survey (NHDS) is a federal dataset compiled by the
National Center for Health Statistics. This dataset is a national probability sample of non-
Federal short-stay hospitals in the US based on approximately 270,000 inpatient records
acquired from 466 hospitals annually. The overall dataset error rate for final diagnoses and
procedures is 1.0% and 0.7%, respectively.12

University of Pittsburgh Institutional Review Board exempt status was obtained. Using
International Classification of Diseases, 9t revision, Clinical Modification (ICD-9-CM)
procedure codes, this dataset was used to identify women who sustained bladder injuries
(obstetric and non-obstetric) and ureteral injuries. ICD-9-CM procedure codes were also
used to estimate the annual number of inpatient gynecologic procedures, 1979-2006.

Women who sustained a bladder and/or ureteral injury at time of hysterectomy were
identified using ICD-9-CM procedure codes for non-obstetric bladder and/or ureteral injury
(Table 1) and hysterectomy. Hysterectomy types included: subtotal abdominal hysterectomy
(SAH; 68.3, 68.39), laparoscopic supracervical hysterectomy (LSH; 68.31), total abdominal
hysterectomy (TAH; 68.4), vaginal hysterectomy (VH; 68.5, 68.59), laparoscopic-assisted
vaginal hysterectomy (LAVH; 68.51), and radical abdominal hysterectomy (RAH; 68.6).

Similarly, women who sustained a bladder injury at time of delivery were identified.
Deliveries were classified as spontaneous vaginal, operative vaginal (forceps-assisted and
vacuum-assisted), or cesarean. Both diagnosis and procedure codes were used to identify
deliveries in order to reflect a change in coding practices in the late 1980s which favored the
use of procedure codes. Obstetric bladder injuries also include urethral injuries since one
ICD-9-CM code exists for this type of injury (Table 1).

To determine disease-classes associated with non-obstetric bladder and ureteral injuries,
ICD-9-CM diagnosis codes were used. The NDHS dataset contains up to seven diagnosis
codes. Only the primary (first) diagnosis code was considered in this analysis.
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Incidence of bladder and ureteral injury and obstetric bladder/urethral injury was calculated
for various hysterectomy types and delivery types, respectively. Age-adjusted rates for
bladder injuries, ureteral injuries, inpatient gynecologic procedures, and cesarean delivery
were calculated using 1990 census data for women > 18 years of age. For accuracy, age-
adjustment and frequencies were calculated for each year, 1979 — 2006. Population
weighting ratio adjustments were performed according to the NHDS study design.? Linear
regression was used to assess trends in bladder (obstetric and non-obstetric) and ureteral
injury rates over the study time period. Statistical analysis was performed using SPSS
(version 17.0; SPSS Inc., Chicago, IL). Statistical significance was evaluated at the p <0.05
level.

During the study period, AAR of inpatient gynecologic procedures decreased from 35.2 per
1000 women (1979) to 11.9 per 1000 women (2006) (P < 0.001). AAR of ureteral injury per
1000 women decreased from 0.06 (1979) to 0.03 (2006) (P < 0.001). AAR of non-obstetric
bladder injury per 1000 women varied from 0.13 (1979) to 0.05 (2006) (P = 0.11) (Figure
1). In 2006, 64% of ureteral injuries recognized at the time of surgery were associated with
non-gynecologic procedures (Figure 2). In contrast, 87% of non-obstetric bladder injuries in
2006 recognized at the time of surgery were associated with gynecologic procedures (Figure
3).

During the study period, 49.8 million gynecologic procedures and 58.6 million non-
gynecologic abdominal procedures were performed. Abdominal hysterectomy was
performed in 11.7 million women and 4.3 million vaginal hysterectomies were performed.
Alternate routes of hysterectomy were utilized less frequently: LAVH (591,069), SAH
(327,857), RAH (141,938), and LSH (38,887).

Among women undergoing hysterectomy, the incidence of bladder injury was highest in
women undergoing LAVH (13.8 per 1000 women) and VH (13.1 per 1000 women). Lower
incidence of bladder injury was observed with TAH (6.9 per 1000 women), SAH (10.3 per
1000 women), RAH (2.2 per 1000 women), and LSH (0 per 1000 women). Ureteral injury
recognized at time of hysterectomy was most common with RAH (7.7 per 1000) and TAH
(1.2 per 1000) and least common with LAVH (0 per 1000). The incidence of ureteral injury
with VH, SAH, and LSH was 0.7, 0.6, and 0.6 per 1000 women, respectively.

Urethral or bladder injury occurred at the time of SVD in 10.3 per 1000 women and 4.8 per
1000 women with OVD. AAR of cesarean delivery increased significantly from 6.4 per
1000 women (1979) to 13.5 per 1000 women (2006) (P < 0.001). Recognized bladder injury
at time of cesarean delivery varied over the study time period from 0.006 per 1000 deliveries
(1979) to 0.03 per 100,000 deliveries (1998) to 0.006 per 1000 deliveries (2006) (P = 0.01).

Pelvic organ prolapse and urinary incontinence were the most common primary diagnoses in
women with non-obstetric bladder injury. Gynecologic malignancy was the diagnosis most
frequently associated with ureteral injury (Table 2).

Gynecologic procedures have traditionally accounted for the majority of iatrogenic lower
urinary tract injuries.? Although we observed a decrease in age-adjusted rates of ureteral
injuries corresponding with a sharp decrease in age-adjusted rates of inpatient gynecologic
procedures, non-obstetric bladder injuries did not change significantly over the study time
period. Although the majority of non-obstetric bladder injuries recognized at the time of
surgery appear to be associated with gynecologic procedures, most (64% in 2006) ureteral
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injuries recognized at the time of surgery appear to occur in association with non-
gynecologic procedures. This finding indicates that a greater proportion of ureteral injuries
may be associated with non-gynecologic procedures than previously attributed.

The most common major gynecologic procedure is hysterectomy. Approximately 600,000
hysterectomies are performed in the United States each year.13 Although laparoscopy
remains the least common approach, patients and surgeons have become increasingly
interested in minimally invasive surgical modalities.! Our data suggest that LAVH poses
the highest risk for bladder injury. These findings are consistent with those previously
reported which demonstrate a higher incidence of bladder injury related to laparoscopic-
assisted hysterectomy as compared to abdominal and vaginal hysterectomy.®

Interestingly, we estimated the incidence of bladder injury at LSH and ureteral injury at
LAVH as 0 per 1000 women. These data conflict with previous authors’ data that
demonstrate the risk of LUT injury associated with hysterectomy to be highest when a
laparoscopic-assisted approach is utilized.® Because the NHDS dataset is limited to
individual cases without linkage data for subsequent or follow-up procedures, only injuries
which occur at time of the index procedure are accessible. It is unlikely that coding error
accounts for these data given the low overall error rate associated with the NHDS procedure
codes (0.7%).12 Rather, we hypothesize that the low frequency of ureteral injury at time of
LAVH and bladder injury at LSH may be attributed to lack of intraoperative recognition.
Since repair of bladder or ureteral injury recognized at the time of laparoscopic procedure
often results in the conversion to an open procedure, it is likely that the low frequency of
these injuries is also related to coding practices. A laparoscopic procedure converted to an
open procedure is coded as an open procedure.

The value of routine intraoperative cystoscopy for detection of LUT injury is unclear.8: 15
Given the limitations of the NHDS dataset, we are unable to comment regarding the role of
cystoscopy at the time of hysterectomy or other inpatient gynecologic procedures.
Specifically, we cannot determine whether injuries that occurred during the index surgery
were identified using cystoscopy or direct visualization. In the cases utilizing cystoscopy,
we are unable to determine whether use was routine or selective. Given the overall low risk
of cystoscopy and intravenous indigo carmine administration and the high rate of bladder
and ureteral injury associated with hysterectomy, routine cystoscopy at conclusion of a
hysterectomy to evaluate for bladder injury and ureteral patency seems a reasonable and
prudent option.

Bladder or urethral injury at the time of vaginal delivery occurred twice as frequently with
SVD as compared to OVD. We hypothesize that this finding is related to the high frequency
of periurethral laceration at SVD and the associated practice of coding this injury using the
ICD-9-CM code for obstetric bladder and urethral injury (75.61).

In recent years, increasing attention has been paid to the surgical risks associated with
cesarean delivery. Particular concern has been raised regarding these risks in the setting of
cesarean delivery on maternal request (CDMR) and women undergoing multiple cesarean
deliveries. Data regarding risk of bladder injury at time of cesarean delivery are limited.11
Bladder injury risk is likely related to the number of previous cesarean deliveries, individual
patient characteristics including adhesion formation and scarring, and whether the patient is
labored or non-labored.. Although we are not able to reliably distinguish between primary or
repeat cesarean delivery based on limitations of the ICD-9-CM coding system and the
NHDS dataset, despite the sharp increase in cesarean delivery, bladder injury has remained
low. We hypothesize that this observation is likely related to a greater proportion of elective
repeat cesarean deliveries which may carry a lower risk profile. CDMR may also contribute
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to the increase in AAR of cesarean deliveries, although recent estimates of CDMR are low,
ranging from 0.17-0.82% of total deliveries in the United States (2000-2004).16

The NHDS is one of the most comprehensive, publicly-funded, accessible databases
available. Use of this dataset allowed us to examine trends in LUT injury and estimate total
gynecologic procedures during a 28 year period. The absence of linkage data in the NHDS
dataset prohibits observations regarding LUT injuries identified postoperatively. A patient
with a LUT injury not recognized at the time of surgery who is readmitted to the hospital
following discharge after the index surgery may not be coded with a gynecologic primary
diagnosis code. As a result, our analysis may underestimate the frequency of LUT in women
whose primary diagnosis is gynecologic.

ICD-9-CM codes used for hysterectomy reflect current and previous coding practices.
Coding for hysterectomy has expanded in order to include specific subtypes of
hysterectomy. Prior to the coding expansion, hysterectomy subtypes were coded under the
more general hysterectomy code (three-digit codes). As a result, LUT injury associated with
subtotal abdominal hysterectomy may be underestimated. Bladder injury with vaginal
hysterectomy may be overestimated and ureteral injury may be underestimated.

All surgical procedures carry an inherent risk of injury to adjacent structures. LUT injury
has been reported in association with nearly every gynecologic procedure. Disclosure of
potential surgical risks is an important component of preoperative counseling and the
informed consent process. These data will assist surgeons in the US in accurately counseling
patients regarding trends in LUT injuries, rates of gynecologic procedures, and the incidence
of various injuries at the time of hysterectomy, vaginal and cesarean delivery.
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Figure 4.
Age-adjusted rates of Urethral and Bladder Injury at the Time of Cesarean Delivery per
1000 Women in the United States, 1979-2006
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Table 1

Variable Names and Associated ICD-9-CM Procedure Codes

Variable Procedure Name ICD-9-CM Procedure Code
Obstetric bladder and urethral injury | Repair of current obstetric laceration of bladder and urethra | 75.61
Non-obstetric bladder injury Suture of laceration of bladder 57.81
Closure of cystotomy 57.82
Other repair of bladder 57.89
Ureteral injury Ureteroneocystotomy 56.74
Transureteroureterostomy 56.75
Other anastamosis or bypass of ureter 56.79
Suture of laceration of ureter 56.82
Closure of ureterostomy 56.83
Closure of other fistula of ureter 56.84
Ureteropexy 56.85
Removal of ligature from ureter 56.86
Other repair of ureter 56.89

ICD-9-CM, International Classification of Diseases, gth Revision, Clinical Modification
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Primary Diagnoses in Women with Non-Obstetric Bladder and Ureteral Injuries, 1979-2006

Table 2

Primary Diagnosis Non-Obstetric | Ureteral Injury
Bladder Injury (N =109,589)
(N= 315,755)
Urinary incontinence 68,690 (21.8%) 1,251 (1.1%)
Pelvic organ prolapse 56,417 (17.9%) 4,298 (3.9%)
Fibroids 38,233 (12.1%) | 3,907 (3.6%)
Endometriosis 12,862 (4.1%) 4,362 (4.0%)
Trauma 9,395 (3.0%) 267 (0.2%)
Gynecologic malignancy, neoplasm, or dysplasia”™ 25,556 (8.1%) 8,218 (7.5%)
Non-gynecologic abdominal malignancy, neoplasm, or dysplasiaT 2,350 (0.7%) 3,523 (3.2%)

*
excludes fibroids

t . .
excludes urinary tract malignancy or neoplasm
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