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Correlation of preoperative and intraoperative assessment of pelvic organ prolapse by pelvic organ prolapse quantification system: a cross sectional study 
Main Text 
Abstract 
Objective- To correlate the assessment of pelvic organ prolapse between POP-Q score measured preoperatively with Valsalva manoeuvre and intraoperatively with mechanical traction.
Design – Cross sectional 
Setting – Midnapore Medical College ,Midnapore , West Bengal , India 
Sample - Women attending gynaecology out patient department ( OPD)   with symptomatic pelvic organ prolapse and planned for vaginal operative treatment between March 2019 to February 2020.
Methods - Preoperative examination was done in OPD by POP-Q system with Valsalva manoeuvre and final examination was done under spinal anesthesia with mechanical traction. The correlation was done between pre and intraoperative measurements. 
Results: All intraoperative POP-Q measurements showed significant higher descent as 
compared with preoperative measurements (mean difference Aa 0.72cm, Ba 1.08cm, C
1.66cm, Ap 0.26cm,Bp 1.6cm, D 1.6cm, Gh 0.6cm,) except for Pb and Tvl. . Among all nine measurements  the greatest difference between preoperative and intraoperative were observed for point C, D and Bp. 
Conclusion:Preoperative POP-Q score significantly differed  when assessed intraoperatively under spinal anesthesia with traction. Patient should beinformed that the surgical plan might  change depending on the intraoperative findings.Our study is an alert for both surgeon and patient.
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Introduction – Pelvic organ prolapse (POP) is a common gynecological condition with prevalence of 3-6% when measured by symptoms and the lifetime risk of an operation for the prolapse or incontinence has increased over the years from 11% to 19% from 1997 to 20101. Symptomatic POP is commonly treated with reconstructive surgery and most surgery are performed through vaginal route 2.  When a decision is taken as surgery for treatment of POP, surgical plans are usually made in the clinics based on the amount of descent of pelvic organs seen with forceful Valsalva in lithotomy position. However, with clinical examinations, the dominant prolapse may mask additional compartmental defects e,g a large anterior vaginal wall prolapse may compete with the uterus to be the dominant defect and vice versa. Before performing surgical reconstructive procedures, final vaginal examination is usually performed intraoperatively under anesthesia after mild traction of the cervix in the horizontal axis. Both personal observation and clinical studies have shown that there is often more cervical descent in the operating room than in the clinic and there is often disagreement among the gynecologic surgeons with specific prolapse surgery particularly with the need for hysterectomy3. Moreover, there is no guidance in literature on how to integrate pelvic organ prolapse quantification (POP-Q) findings obtained in clinics with forceful Valsalva with that of intraoperative findings. The objective of this study was to assess the pelvic organ prolapse preoperatively and intraoperatively by using POP-Q system and to find out the differences between the two findings.
Methods - This is a hospital based cross sectional study conducted in the Department of Obstetrics and Gynecology, Midnapore Medical College,Midnapore, India  from March, 2019 to February, 2020. The study was approved by the institutional ethics committee of our institution ( MMC/ IEC-2019/193).   Informed consent was obtained from all women prior inclusion in the study.    
Inclusion and exclusion criteria - Women were included in the study if they were scheduled for the vaginal hysterectomy with pelvic floor repair without meshes under spinal anesthesia. .Women were excluded from the study if they had (i) Any major cardiovascular, respiratory, neurological co-morbidity (ii). Stress urinary incontinence, urge incontinence (sensory or motor) (iii) . Women with uterine size greater than 12 weeks size preganat uterus by vaginal examination (iv). Previous vaginal or abdominal pelvic surgery (v). Collagen or neurological disease (vi)   Women operated under general anesthesia.
Study technique - Women included in the study group were examined in outpatient department (OPD) and operation theatre (OT) to assess their POP-Q score preoperatively and intraoperatively. A detailed history in relation to pelvic organ prolapse in the language of the patient was taken. The  bladder was emptied prior to the examination. Aseptic precaution was maintained throughout the examination. 
 Examination of pelvic organ prolapse was done in dorsal lithotomy position (position in which the patient is on their back with the hip and knees flexed and thighs apart) both in OPD and OT.
Inspection of the vulva and perineum was done first. After inspection, the labia was separated and any prolapse was noted. Prolapse was graded by POP-Q system in OPD. Sims speculum and marked (within 1to10 centimeter marking) IUCD plunger used for taking measurements during examination. During preoperative measurement at OPD, patients were asked to perform Valsalva maneuver (patients were asked to pinch the nose, close the mouth, exhale like as inflating the balloon, bear down for 10 to 15sec) for measurement of Aa, Ba, C, Ap, Bp, D, Gh, Pb except Tvl. The plane of hymen was defined as zero. Points above hymen was given negative number and points below hymen positive number. All measurements were made in cm (±0.5cm). All measurements were recorded in grid form and preoperative POP-Q staging was done. 
In operation theater , following spinal anesthesia , bladder was emptied before examination. Sims speculum (to retract the posterior vaginal wall), Allis forceps (to hold the anterior lip of the cervix), and marked IUCD plunger (within 1 to 10 cm marking) were used for measurements during examination. Gentle traction of the anterior lip of cervix in the  horizontal axis applied with Allis forceps during intraoperative measurements for all points except Tvl and Pb. The traction was stopped once there was minimal resistance felt following extrusion of prolapsed parts.  All measurements were recorded in grid form and intraoperative POP-Q staging was done.
Sample size - Assuming a power of 80% and a significance value of 5%, it shows that 17 patients in each arm (before and after anesthesia) were needed, assuming a mean apical stage of 2.0 and a standard deviation of 0.6, for a difference of 0.6. 
Statistical analysis - For statistical analysis data were entered into a Microsoft excel spreadsheet and then analyzed by SPSS (version 27.0; SPSS Inc., Chicago, IL, USA) and GraphPadPrism  version 5.  Data had been summarized as mean and standard deviation for numerical variables and count and percentages for categorical variables. Two-sample t-tests for a difference in mean involved independent samples or unpaired samples. Unpaired proportions were compared by Chi-square test or Fischer’s exact test, as appropriate. p-value ≤ 0.05 was considered for statistically significant.
Results - In our study 48 women  were screened for eligibility and of which  23 women  were excluded due to various reasons ( figure 1) . Twenty- five women underwent both preoperative and intraoperative evaluation by POP-Q methods . The demographic and clinical presentation of these women are shown in Table 1 and Table 2 . As can be seen in Table 1,  majority of the women were in 50-60 years age group (78%), low socioeconomic status (88%) , multiparous (100%) with history of vaginal delivery (100% ) and post menopausal ( 72%). .Table 2 shows that all  women  had complain of mass coming out of the vagina. During preoperative evaluation 21 women had stage 3 POP but at the time of intraoperative evaluation 16 of them had upstage with eventual 20 women had stage 4 POP. Table 3 shows preoperative and intraoperative measurements of 6 points (Aa, Ap, Ba, Bp, C, D) and 3 lengths( Gh, Pb, Tvl) of POP Q  staging. Points Aa, Ap, Ba, Bp, C, D, and  Gh length showed significantly  different measurements  during intraoperatively under spinal anesthesia with mechanical traction as compared to preoperative measurements with Valsalva technique. Point C , D and BP showed  maximum  increase in  mean difference of 1.6 cm for each. However , there was no change in   measurements of Pb and Tvl during intra operative period from the  preoperative period . 
[bookmark: _Hlk51716835]All women in our study  had anterior and middle compartment defect both preoperative and intraoperatively. Three women ( 12%)  did not have posterior compartment defect during preoperative and intraoperative examination, 17 women (68%)%  had posterior compartment defect during preoperative and intraoperative examination. Five women (20%) did not have posterior compartment defect during preoperative examination but they developed  posterior compartment defect during intraoperative examination under spinal anesthesia. 
As all 25 women in our study had combined anterior and middle compartment defect preoperatively with a stage of prolapse of minimum stage 3, the change in intra-operative finding did not warrant a change in surgical plan. These women underwent vaginal hysterectomy, pelvic floor repair with uterosacral ligament suspension of apex of the vagina.
Discussion – 
Main findings - This study of women undergoing vaginal hysterectomy with pelvic floor repair  for pelvic organ prolapse quantifies the differences in POP- Q measurements between the OPD  and operation theater  and identifies that most measurements are likely to have differences in descent. Among the six POP-Q points (Aa, Ap, C, D,Ba, Bp, ), measurements of all six points increased during intraoperative measurements and maximum changes occurred in measurements of the point C , D and BP with an increase in  mean difference of 1.6 cm for each . Among the measurements of length ( Gh, Pb, Tvl) , measurement of Gh changed in intraoperative measurements without any change in Pb and Tvl .Staging of the prolapse performed in lithotomy position with Valsalva maneuver did not match the values derived intraoperatively.   During preoperative evaluation 21 women had stage 3 POP but at the time of intraoperative evaluation 16 of them had upstage, with eventual 20 women had stage 4 POP at operation.  This finding indicates a worsening of the POP-Q stage for the anterior, apical and posterior compartments with traction in the operating room. 
Strengths and limitations - The strength of our study is that we used a validated assessment (POP-Q system) of pelvic organ prolapse which were quantitative to allow statistical analysis to see whether the differences were significant. The limitation of our study is that we did not measure the degree of force used during intraoperative mechanical traction under anaesthesia. The degree of force might have varied but the tissue had limited elasticity and the measurements were obtained by a consistent technique. 
Interpretation - The findings of our study are in agreement with the observations made in other studies that descent of POP seen during maximal Valsalva in the  clinic is not as pronounced as seen in operating room under traction of cervix under anesthesia4,5 . This difference in preoperative and intraoperative POP-Q measurements can be explained partially by different environmental and loading factors to which the supports of pelvic organs are subjected, suchas, force applied during traction, leg position, apical support stiffness, inadequate Valsalva,levatorani muscle paralysis due to anesthesia3,5. 
The amount of displacement of pelvic organ prolapse seen on maximal Valsalva maneuver can be achieved by a small traction force of 3 oz or the weight of a chicken egg(0.8N) 6.   Therefore, the tension placed on the apical ligaments during physiologic events such as Valsalva is small. A larger traction force on cervix will result in further descent of the prolapsed parts 3.  In our study , although we did not measure the amount of traction force applied over cervix, the amount of force was minimal and traction was stopped once there was minimal resistance felt following extrusion of prolapsed parts . This might explain why the mean descent of the point C in our study was 1.6 cm, on the contrary, a descent of 5 cm of the cervix was observed when traction force over cervix was maximum (maximum pull)7. The average traction applied by surgeons in the operating room is likely greater, as demonstrated by Foon et al 8  who reported the average traction applied by a series of 10 gynecologists during the  hysterectomy  was 35.6 N ( 3.5 kg) .

Another factor which may influence the descent of pelvic organs during traction in operation theater, is cervical support resistance to traction, which is termed as “apical support stiffness” offered by uterosacral and cardinal ligaments.  In a study Swenson et al3 has shown that women with POP had statistically lower apical support stiffness in comparison to women with no prolapse with increased traction force from 1N to 18 N. They noted, lowered apical support stiffness in women with apical and vaginal prolapse required less traction force to move the cervix a certain distance and to reproduce POP-Q point C location in operation room. As all women in our study had advanced stage ofthe  prolapse ( stage 3 or 4) , minimal traction force was adequate for extrusion of prolapse part during intraoperative examination. 

It is possible that the difference in examination findings is due to use of  anesthetic agents at the time of intraoperative measurements. It has been suggested that development of POP may be due to the neuromuscular blockade and denervation of pelvic floor muscles. Relaxation of levatorani muscles under anesthesia might contribute to increased degree of descent measured in operation theatre5. Our study was conducted under spinal anesthesia, can be considered as first one, as the studies available in literature are all conducted under general anesthesia. However , the magnitude of anesthesia effect  is quiet small and only a 4 mm difference between women with and  without paralysis was noted 9 .  Crosby et al 7 in their study concluded that neuro muscular blockade agents do not influence for the difference between point C measurements demonstrated with two techniques.
Inadequate Valsalva maneuver may be another factor to explain the difference in measurements inthe  preoperative and intraoperative period. However, almost all patients can achieve a Valsalva maneuver on push 10. An occasional patient may not perform it correctly due to fear of urinary, fecal, or flatus incontinence, or might simply be embarrassed in relation to the nature of this examination11.
Sixteen  women had an increment of stage of prolapse from stage 3 to stage 4 and  all  women in our study had advanced prolapse with at least stage 3 or more descent. The surgical management of our women did not change as they had advanced prolapse. However, in early stages of apical prolapse or anterior vaginal or posterior vaginal wall prolapse without cervical descent has important clinical relevance on changes in intraoperative findings from preoperative findings.  The location of point C with traction in the operating room is used to make decisions about the need for a hysterectomy and apical suspension during vaginal reconstructive surgery. These decisions are not based on published evidence, due to a paucity of data regarding long-term outcomes after prolapse repair with and without concomitant hysterectomy and/or an apical suspension procedure7. There is only one study in literature, where the degree of uterine descent with cervical traction under anesthesia has not shown to be helpful in assessing the need for the vaginal hysterectomy in women with anterior prolapse with stage 1 cervical descent at the time of vaginal repair. The authors concluded, the 'cervical traction' test is unnecessary, and the decision as to whether to perform a concomitant vaginal hysterectomy should be based on the clinical findings on examination in the clinic8.
Among the three measurements of POP-Q length, there was significant change in Gh  measurements and no changes in measurements of Tvl and Pb  between the two examination methods. Our findings are in agreement of other study5. This observation is explained by the fact that  both PB and TVL are measured without traction and PB has lower distensibility on Valsalva manoeuvre5 . 
Conclusion-  All six POP-Q points Aa, Ap, C, D, Ba,Bp scored significantly higher when measured during the  intraoperative period under anaesthesia , compared with the measurements in OPD  with Valsalva manoeuvre . These variations of POP examination findings should be taken into account during the surgical plan, because the stage of the prolapse might be higher during the intraoperative period. Patients should be informed that surgical procedure during prolapse surgery may change according to intraoperative findings.
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Legend of the figure 
Figure 1-  Flowchart depicting study subjects flow 





Table 1 Demographic characteristics

Variable                                 Frequency (n=25)          Percentage(%)
Age (years )
<40                                              3                                      12
40-50                                          4                                       16
50-60                                          18                                     72
Mean age + SD                     51.4+ 6.0
Education 
Nil                                                    6                                   24          
Primary                                            16                                  64
Secondary                                         3                                    12
Occupation
Housewife                                          25                                100                                   
Socioeconomic status 
Lower                                                 22                                88
Middle                                                  3                                12
Parity
2                                                           5                                 20                      
3                                                          6                                   24
4                                                          6                                   24
5                                                           3                                   12
6                                                           2                                     8
7                                                           1                                     4                                                                                  
Menopausal status 
Premenopausal                                7                                            28
Post menopausal                           18                                          72


Mode of delivery 
Vaginal                                              25                                   100
Early resumption of work              17                                     68       
SD – standard deviation 















Table 2 – Presenting complain and staging of POP 
Variable                                                  Frequency                               Percentage 
Presenting complain
Mass descending per vagina                     25                                            100
Cough                                                             5                                               20
Constipation                                                 3                                                12    
Frequency of urine                                     13                                               68
Difficulty in urination                                  8                                                 32
Vaginal discharge                                     11                                               44       
Stage of POP 
Stage 3
Preoperative                                            21                                                   84
Intraoperative                                         5                                                    20                                             
Stage 4 
Preoperative                                             4                                                    16
Imtraoperative                                         20                                                  80









Table 3: Showing preoperative and intraoperative measurements by POPO-Q system

	
Land marks



	Preoperative measurements in centimeter
mean ±SD
	Intraoperative measurements in centimeters
mean ±SD
	Mean difference (95%CI)in centimeters
	P value from paired t test
	Paired sample correlation

	Aa
	1.120±.7539
	1.840 ±.5148
	0.72(-.9589 to -.4811)
	<0.0001
	.642

	Ba
	3.640±.8958
	4.72±.879
	1.08(-1.2340to -.9260)
	<0.0001
	.912

	C
	5.56±.882
	7.22±.765
	1.66(-1.2340 to --.9260)
	<0.0001
	.845

	Ap
	-1.08 ±1.730
	-0.82 ±1.719
	0.26(-1.855 to -1.465)
	<0.0001
	.965

	Bp
	-0.64±2.378
	0.96±2.371
	1.6 (-.450 to -.070)
	<0.0001
	.904

	D
	3.56±.821
	5.16±.688
	1.6(-2.030 to -1.170)
	<0.009
	.794

	gh
	3.84±.898
	4.44±.917
	0.6(-1.806 to -1.394)
	<0.0001
	.747

	pb
	1.96±.611
	1.96±.611
	0(-.866 to -.334)
	     -
	-

	tvl
	8.76±.831
	8.84±.746
	0.08(-.194 to .034)
	     .16
	.944



Table 41: Showing preoperative and intraoperative measurements by POPO-Q system
Land
marks
Preoperative
measurements in
centimeter
mean ±SD
Intraoperative
measurements
in centimeters
mean ±SD
Mean difference (95%
CI) in centimeters
P value
from
paired t
test
Paired
sample
correlation
Aa 1.120±.7539 1.840 ±.5148 0.72(-.9589 to -.4811) <0.000
1
.642
Ba 3.640±.8958 4.72±.879 1.08(-1.2340to -.9260) <0.000
1
.912
C 5.56±.882 7.22±.765 1.66(-1.2340 to --.9260) <0.000
1
.845
Ap -1.08 ±1.730 -0.82 ±1.719 0.26(-1.855 to -1.465) <0.000 .965
1
Ba 3.640±.8958 4.72±.879 1.08(-1.2340to -.9260) <0.000
1
.912
C 5.56±.882 7.22±.765 1.66(-1.2340 to --.9260) <0.000
1
.845
Ap -1.08 ±1.730 -0.82 ±1.719 0.26(-1.855 to -1.465) <0.000
1
.965
Bp -0.64±2.378 0.96±2.371 1.6 (-.450 to -.070) <0.000
1
.904
D 3.56±.821 5.16±.688 1.6(-2.030 to -1.170) <0.009 .794
gh 3.84±.898 4.44±.917 0.6(-1.806 to -1.394) <0.000
1
.747
pb 1.96±.611 1.96±.611 0(-.866 to -.334)      -       -
tvl 8.76±.831 8.84±.746 0.08(-.194 to .034)      .16 .944


