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ABSTRACT

Hysteroscopy has been recognized as a reliable method for
the evaluation of female infertility for several years. The out-
patient setting is particularly convenient, as patients do not
require general anesthesia and do not have to stay overnight.
In recent years, more and more articles have dealt with the
role of diagnostic hysteroscopy in tubal evaluation. Twenty-
four articles were included in this comprehensive review and
14 of them were also included in a meta-analysis. This review
provides an overview of the different techniques of hys-
teroscopic tubal evaluation, with a focus on perioperative
changes in cul-de-sac volume, the air bubble technique
(“Parryscope” technique), the Flow technique and selective
hysteroscopic  pertubation with methylene blue dye
(SHPMBD). In pooled analyses, SHPMBD achieved the highest
sensitivity for tubal patency (91.7 %, 95% confidence interval,
Cl: 88.8-94.0), whereas the air bubble technique revealed the
highest specificity of all methods (98.4, 95% Cl: 95.3-99.6).
Furthermore, in a meta-analysis of all methods on the assess-
ment of single tubes, an overall sensitivity of 87.1% and an
overall specificity of 79.8% (95% Cl: 76.4-82.9) could be
shown. In conclusion, the techniques of hysteroscopic tubal
evaluation are well-tolerated, clinically relevant, and reliable.

ZUSAMMENFASSUNG

Die Hysteroskopie gilt seit mehreren Jahren als zuverldssige
Methode zur Beurteilung weiblicher Infertilitat. Praktischer-
weise kann der Eingriff ambulant erfolgen, da die Patientinnen
keine Allgemeinanasthesie benétigen und nicht Giber Nacht im
Krankenhaus bleiben miissen. In den letzten Jahren sind im-
mer mehr Arbeiten erschienen, die sich mit der Rolle der diag-
nostischen Hysteroskopie zur Priifung der Eileiterdurchgdngig-
keit befassen. Insgesamt hat diese umfassende Ubersichts-
arbeit 24 Artikel einbezogen, davon wurden 14 auch in die
Metaanalyse aufgenommen. Diese Uberblicksarbeit gibt eine
Ubersicht {iber die verschiedenen Techniken zur hysteroskopi-
schen Uberpriifung der Eileiterdurchgingigkeit mit besonde-
rem Schwerpunkt auf die perioperativen Veranderungen der
Flissigkeitsmenge in der Douglas-Tasche, die Luftblasen-Tech-
nik (auch ,Parryscope-Technik“ genannt), die ,Flow-Technik*
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und die selektive Chromopertubation. In den aggregierten
Analysen zeigte die selektive Chromopertubation mit Methy-
lenblau die hochste Sensitivitdt fir die Eileiterdurchgdngigkeit
(91,7%, 95 %-Konfidenzintervall [KI] 88,8-94,0), wohingegen
die Luftblasen-Technik die hochste Spezifitdt aller Methoden
aufwies (98,4; 95%-KI 95,3-99,6). Dariiber hinaus fand eine

Metaanalyse aller Methoden zur Beurteilung einzelner Eileiter
eine allgemeine Sensitivitdt von 87,1% und eine allgemeine
Spezifitdt von 79,8% (95%-KI 76,4-82,9). Zusammenfassend
kann festgestellt werden, dass die Techniken zur hysteroskopi-
schen Uberpriifung der Eileiterdurchgingigkeit gut vertrig-
lich, klinisch relevant und zuverlassig sind.

Introduction

In women with subfertility, hysteroscopy is considered the gold
standard tool for intrauterine evaluation [1, 2]. In recent years,
there has also been increasing evidence for the use of hyster-
oscopy in the evaluation of tubal patency for infertile patients [3,
4]. Generally, hysteroscopy is an intervention with few complica-
tions and is easy to perform, even in an outpatient setting [5].
However, it is an invasive procedure and, thus, one should get the
maximum possible informative output from it. If tubal patency
evaluation via hysteroscopy is reliable, this information should be
assessed routinely, at least in women who undergo the procedure
for infertility.

Notably, several different methods of hysteroscopic tubal pa-
tency assessment have been described and all have been claimed
as promising tools [4]. In detail, the following methods have been
reported and evaluated: for the pre- to post hysteroscopic fluid
shift in the pouch of Douglas (changes in cul-de-sac, CDS, fluid
volume), the examiner conducts an ultrasound before and after
the hysteroscopy to check for fluid in the pouch of Douglas. If at
least one tube is open, a fluid shift will be detectable right there
[6, 7, 8, 9]. For assessment of the so-called “flow” effect, the
examiner observes the tubal ostia during hysteroscopy, to see
whether mucus, endometrial tissue or blood clots are “flowing”
towards and passing the ostia, which implies their patency [10,
11]. Another promising way is the “air bubble” or “Parryscope”
technique. This involves initiating an infusion of air bubbles into
the uterine cavity during hysteroscopy and observing whether
these air bubbles traverse the (patent) ostia [8, 12]. Last but not
least, the method of selective tubal pertubation has been re-
ported, where a small plastic catheter is inserted through the hys-
teroscopy’s working channel. The tip of the catheter is placed di-
rectly at the tubal ostium and 2 to 10 ml of methylene blue dye
are injected. The dye can pass through open ostia and, thus, no
blue dye can be seen in the uterine cavity. Injecting the dye into
occluded ostia would result in a backflow and a consecutively blue
colored cavity [13].

The last review on this topic is now 6 years old and therefore
outdated [3]. Vitale et al. published a more recent meta-analysis,
in which all methods were lumped together and studies about
perioperative changes in CDS fluid volume were excluded [4]. We
aim to present the recent data in a comprehensive review and
conduct a meta-analysis of the overall accuracy of the different
methods to compare them with each other. Our secondary aim is
to evaluate complications and pain perception in patients under-
going hysteroscopic tubal evaluation. Furthermore, we will also
provide an outlook for the future in this scientific field.
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Methods

A review of the literature was conducted using PubMed. The focus
was on studies on hysteroscopic tubal evaluation published from
1987 to 2022. The following terms were used performing the
literature research on this very specific topic: “hysteroscopy AND
tubal patency”. We also searched for relevant additional studies in
the reference lists of the publications found. The publications were
screened by title and abstract. After reading the full text of the
relevant publications, they were selected if they met the inclusion
criteria. Our inclusion criteria for publications were English lan-
guage, dealing with hysteroscopic tubal evaluation techniques and
providing original data. Exclusion criteria were languages other
than English for the comprehensive review and languages other
than English, meta-analyses, reviews, commentaries, editorials,
letters, and abstracts.

Both authors manually reviewed the abstracts independently
from each other. There was complete consensus regarding the
relevance and the eligibility of the reviewed abstracts. Both
authors also obtained full-text copies of eligible articles and ex-
tracted the relevant data, also in an independent manner. Possible
inconsistencies were discussed by the reviewers. Finally, all infor-
mation obtained from the selected articles was entered into a
summary table. Notably all studies included in the meta-analysis
were about the diagnostic accuracy of hysteroscopy for fallopian
tube patency evaluation (index test) and were crossover studies,
where patients served as their own controls. The reference tests
were either laparoscopic chromopertubation or hysterosalpin-
gography.

For every method, the following pooled values are provided:
sensitivity, specificity, the positive predictive value (PPV) and the
negative predictive value (NPV). In addition, summary receiver
operating characteristic (SROC) spaces were computed.

Notably, the methodology of the selected studies was assessed
by both authors using the qualitative instrument for data collec-
tion [14], where the domains “patient selection”, “index test”,
reference standard” and “flow and timing” are assessed for the
risk of bias (either low, unclear, or high).

Data analysis

After the studies had been selected, the following statistical
parameters were extracted: true positive, true negative, false posi-
tive, and false negative; if available, they were extracted directly
from the study, if not, they were calculated and arranged in
2 x 2 cross-tabs. These cross-tabs were used to calculate sensitiv-
ity, specificity, the positive predictive value (PPV) and the negative
predictive value (NPV). All the analyses were done on the basis of
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the numbers of fallopian tubes, apart from studies about the use
of perioperative changes in CDS volume, where results were re-
lated to the numbers of patients. Statistical analyses were per-
formed with SPSS Version 28.01.0 (IBM Corp., Armonk, NY).
Summary receiver operating characteristic (SROC) spaces are also
provided.

Results

Study selection

Twenty-one relevant articles were identified through the PubMed
search [3,4,6,7,8,9,10, 11, 12, 15, 16, 17, 18, 19, 20, 21, 22,

»Table 1 Main characteristics of included studies.

23, 24, 25, 26] and four more through the reference lists [13, 27,
28, 29]. Of all 25 articles, one was excluded due to Hungarian lan-
guage [15]. The remaining 24 articles were included in the review.
However, ten of these were excluded from the meta-analysis for
not providing original data [3, 4, 18, 19, 20, 21, 25, 26, 28, 29].
This resulted in 14 relevant articles for the meta-analysis [6, 7, 8,
9,10,11,12,13,16, 17, 20, 22, 23, 24]. The flowchart is provided
in » Fig. 1. An overview of all selected articles is given in » Table 1.
Notably, in each of these studies, participants had been excluded
if pregnant, had not desired future fertility, or were either pre-
menarchal or postmenopausal.

Authors, Ref.  Design Number of  Number Population Age Method Outpatient Ref.
year patients of tubes (years) hysteroscopy =~ method
Carta et al., [27]  Prospective 47 92 Infertility 345+43 SHPWMBD Yes LC
2017
Habibaj [7] Retrospective 56 112 Infertility 33.6+4.2 CDS volume  Yes LC
et al., 2012 changes
Hager etal., [12]  Prospective 30 60 Infertility 33.0+£4.8 Air bubbles No LC
2020
Hageretal., [12]  Prospective 30 60 Infertility 31.9+£5.0 Flow No LC
2020 technique
Hager et al.,  [6] Prospective 115 230 Patients under- 18-44 CDS volume  No LC
2021 going fertility changes

evaluation
Lérincz [15]  Prospective 61 122 Infertility 32.0+4.4 Air bubbles No LC
et al., 2020
Mardanian [17]  Prospective 49 98 Infertility 25-38 CDS volume  Yes LC
et al., 2018 changes
Ott et al., [11]  Prospective 72 144 Infertility 18-45 Flow No LC
2020 technique
Parry et al., [8] Prospective 89 170 Infertility 324+54 Air bubbles Yes LC
2017
Promberger [10]  Retrospective 511 998 Infertility 31.6+5.8 Flow No LC
et al., 2018 technique
Rotshenker- [22]  Retrospective 38 Recurrent 38+5.3 CDS volume  Yes HSG or
Olshinka pregnancy loss, changes HyCoSy
et al., 2021 suspected fibroid

or polyp, recurrent

implantation

failure
Roy et al., [23]  Prospective 80 160 Infertility 28.2+4.0 SHPWMBD No LC
2021
Shen et al., [16]  Prospective 143 286 Infertility 30.6+4.3 SHPWMBD No HSG
2022
Torok & [13]  Prospective 35 70 Infertility 33.0£3.6 SHPWMBD Yes LC
Major, 2012
Yildizhan [9] Prospective 56 112 Infertility 26.7 CDS volume  Yes HSG
et al., 2009 (21-38) changes

Abbreviations: CDS = cul-de-sac; HSG = hysterosalpingography; HyCoSy = hysterosalpingo contrast sonography; LC = laparoscopic chromopertubation;
Ref. = reference; SHPWMBD = selective hysteroscopic pertubation with methylene blue dye
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Records identified
n=154

Excluded for irrelevance
n=133

Included from reference list
of relevant articles
n=4

Relevant articles
n=25

Excluded for Hungarian language
n=1

Articles included in review
n=24

Excluded for not providing original data
n=10

Articles included in meta-analysis
n=14

» Fig. 1 Flowchart about study selection.

Meta-analyses of Fallopian tube patency testing
using hysteroscopy

The reference test used was laparoscopic chromopertubation in
11 studies [6, 7, 8, 10, 11, 12, 13, 17, 20, 23, 24], hysterosalpin-
gography in two studies [9, 16], and hysterosalpingography or
hysterosalpingo contrast sonography in one study [22].

The Quality Assessment Tool for Diagnostic Accuracy Studies
-2 was used for the methodological assessment of the included
studies, [14]. The results are presented in the Online Supplemen-
tal Fig. S1. Concerning the risk of bias and applicability concerns,
the analysis revealed low to moderate scores for the majority of
studies. In detail, eight studies had only low or unclear risk scores
[6, 7,9, 11, 12, 17, 23, 24], whereas one or two domains were
assessed as having a high risk in four [8, 10, 13, 22] and two
studies [16, 27], respectively. However, there were major inconsis-
tencies in the reported results of one study [24], which are pre-
sented below.

The SROC spaces of all methods are shown in » Fig. 2.

Perioperative changes in CDS volume

Five studies focused on changes in CDS volume and the prediction
of unilateral/bilateral patency versus bilateral occlusion [6, 7, 9,
17, 22]. While in the majority of studies laparoscopic chromoper-
tubation was performed [6, 7, 17, 22], one study used hysterosal-
pingography as the reference method (Yildizan et al.) [9]. When all
five studies were included in the pooled analysis, the sensitivity
(90.7%, 95% ClI: 86.4-94.0) and specificity (94.0%, 95% Cl: 85.4—
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98.3) were quite similar to the pooled values without the study of
Yildizan et al. (sensitivity: 89.0%, 95% Cl: 83.8-93.0; specificity
96.6%, 95% Cl: 88.1-99.6). Details are provided in » Fig. 3a1 and
» Fig. 3a2.

The air bubble technique

Three studies reported results on the diagnostic accuracy of the
air bubble technique [8, 12, 24]. All studies used laparoscopic
chromopertubation as the reference method. Notably, the study
of Hager et al. 2020 [12] was a randomized study which compared
the flow to the air bubble technique and, thus, only the 30 pa-
tients (60 fallopian tubes) where the latter was used were included
in the meta-analysis about the air bubble technique.

In the study by Lérincz et al., the authors state that “the bubble
method indicated that 36 (29.5%) right-side, and 33 (27 %) left-
side tubes of the total 122 tubes were occluded; the reference
method revealed 57 (46.7 %) occluded Fallopian tubes.” Obviously,
this indicates that hysteroscopy suggested tubal occlusion in 69
(36 +33)/122 tubes. Since 57 tubes were occluded in laparoscopic
chromopertubation, the number of falsely suspected occluded
tubes was 12. This allows a conclusion to be drawn about the orig-
inal cross-tab, which was not shown in the original publication
(see Online Supplemental Fig. S2). Using these data, the sensitiv-
ity was 81.1% (95% Cl: 68.7-89.1) and the specificity was 100.0 %
(95% Cl: 92.0-100.0) for tubal patency, which differs from the
values provided by the authors in their publication (73.2% and
70.0%, respectively) [24]. The corresponding author was con-
tacted twice via the provided email address but did not respond.

Due to the unclear situation, we performed the meta-analysis
about the air bubble technique and its predictive accuracy for
tubal patency twice: once with the extrapolated results of the
Lorincz study (»Fig. 3b1 and »Fig. 3b2; pooled sensitivity:
82.2%, 95% Cl: 75.6-87.7; pooled specificity: 98.4, 95% Cl: 95.3-
99.6), and once without these results (pooled sensitivity: 82.7 %,
95% Cl: 74.0-89.4; pooled specificity: 97.6, 95% Cl: 93.2-99.5).

The flow technique

The flow technique was only reported by our own study team [10,
11, 12]. While the Quality Assessment Tool for Diagnostic Accu-
racy Studies- 2 revealed a higher risk of bias (Online Supplemen-
tary Fig. S1) for the larger retrospective study [10], this was not
the case for the prospectively collected data [11, 12]. The pooled
sensitivity for tubal patency was 85.6% (95% Cl: 83.0-87.9) and
the specificity was 75.5% (70.6-80.0). » Fig. 3c1 and » Fig. 3¢c2
provide details.

Selective hysteroscopic pertubation with

methylene blue dye

This technique was reported by four studies [13, 16, 23, 27]. The
pooled sensitivity and specificity (» Fig. 3d1 and » Fig. 3d2) for
tubal patency for all four studies were 91.7% (95% Cl: 88.8-94.0)
and 60.8% (50.6-70.3), respectively. However, one study used
hysterosalpingography rather than chromopertubation as the
reference method [16]. When these data were excluded from the
pooled analysis, a similar sensitivity was found (86.8%, 95% ClI:
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81.5-90.9), but the specificity was higher (80.3%, 95% Cl: 68.7-
89.1).

Combined meta-analysis

Last but not least, all methods which dealt with the assessment of
single tubes (rather than unilateral/bilateral patency versus bi-
lateral occlusion) were included into a pooled analysis [8, 10, 11,
12,13, 16, 23, 24, 27]. An overall sensitivity of 87.1% was reached
(85.3-88.8) together with an overall specificity of 79.8% (95% Cl:
76.4-82.9).

An additional parameter: an unclear or “hazy” picture
during hysteroscopy

It has been postulated that in case of bilateral occlusion, the hys-
teroscopic view would be unclear since mucus and detritus cannot
be washed out [10]. It seems noteworthy that this parameter was
evaluated in only one included study [11]. A hazy hysteroscopic
picture was found in about 10% of women with uni- or bilateral
patency (5/51) in contrast to 71.4% (15/21) when bilateral occlu-
sion was found during laparoscopy (p <0.001).

Factors with an impact on predictive accuracy

Only two studies evaluated possible factors associated with false-
normal results. Both studies dealt with the flow technique [10,
12]. It was assumed that a false-normal result would be the most
inconvenient one. When the evaluated tube was a hydrosalpinx or
if there were adhesions surrounding the evaluated tube, the risk of
a false-normal flow effect was increased in both studies [10, 12],
while with regards to the presence of uterine myomas this was the
only case in a large retrospective analysis [10].

Perceived pain

To evaluate the subjective pain perception of patients undergoing
hysteroscopic tubal patency testing, we focused on studies which
included women who underwent outpatient hysteroscopy without
anesthesia. Three articles dealt with pain scores during and follow-
ing hysteroscopy [8, 9, 27]. In the study by Carta et al. on office
hysteroscopy-guided selective tubal chromopertubation, the
authors used a visual analogue scale (VAS; 0, no pain; 10 worst
possible pain) 30 minutes after the outpatient hysteroscopy. A
range from 3 to 9 was reported, with the median VAS ranging
from 6 to 8.5 according to the evaluated subpopulation. Although
the authors did not report the median VAS for the whole study
population, they could demonstrate that nulliparous women
(z=1.980; p=0.048) and patients with primary infertility
(z=2.346; p=0.019) reported significantly higher pain scores.
Nevertheless, more than 95% of patients would recommend hys-
teroscopy-quided selective tubal chromopertubation to a friend
[27]. Parry et al. compared office hysteroscopy with the air bubble
technique to hysterosalpingography with regards to pain scores.
They could show that more than 90% of patients would strongly
prefer hysteroscopic assessment over hystersalpingography; more
than 95 % reported maximum discomfort with hysterosalpingogra-
phy and mild to no discomfort with the air bubble technique [8].
Yildizhan et al. compared hysteroscopy and sonographically mea-
sured perioperative changes in CDS volume to hysterosalpingogra-
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phy, with all patients reporting less pain with the hysteroscopic
technique. Thirty percent of patients reported no difference in
pain between hysteroscopy and hysterosalpingography. However,
the other 70 % of women all reported greater pain during hystero-
salpingography [9].

Complications

Three studies on hysteroscopic tubal evaluation focused on possi-
ble adverse events and reported very low complication rates [4, 9,
24, 27]. In a study about selective hysteroscopic pertubation with
methylene blue dye, 8.51% of patients showed a vasovagal syn-
cope. Other complications which were also evaluated included ab-
normal bleeding, methylene allergy, uterine perforation, or pelvic
inflammatory disease. However, none of these were found [27].
Two other studies, one on perioperative changes in CDS volume
and one on the bubble sign, described no complications at all 9,
24]. The vasovagal reaction is described as a rare complication [4,
8]. Post-interventional infection is even rarer and was described in
one of 435 patients [8]. Cervical stenosis is also a possible compli-
cation and was only described in the surgical setting [4, 8, 11, 12].

Evidence about combined methods

In the initial presentation of the air bubble technique by Parry et
al., the authors combined this method with the measurement of
changes in CDS fluid volume [8]. It seems reasonable to combine
the methods, which evaluate every tube separately, with the sono-
graphic measurement of changes in CDS fluid volume, which is
highly predictive for the most problematic situation an infertile
woman can face, namely bilateral tubal occlusion. However, Parry
et al. did not provide data about the usefulness of the combina-
tion of the two techniques. In a recent secondary analysis of our
study on CDS fluid volume changes [6], we demonstrated in
95 patients who had also undergone the air bubble technique that
despite the high accuracy of the sonographic approach for bilat-
eral occlusion, the air bubble technique achieved better results for
the prediction of uni- or bilateral patency. Thus, the simultaneous
application of both methods was suggested to be beneficial for
the patient [30].

Discussion

Since 2009, an increasing body of evidence has suggested that pa-
tency of the fallopian tubes can be diagnosed with hysteroscopy
with a high overall accuracy and reliability. None of the reported
techniques seems to be associated with specific relevant complica-
tions. Moreover, many of the methods can be performed in the
setting of an outpatient hysteroscopy.

In this comprehensive review and meta-analysis, the included
studies were assessed for the risk of bias using the Quality Assess-
ment Tool for Diagnostic Accuracy Studies— 2 (see Online Supple-
mental Figs. S1 and S2). The assessed risk of bias in the majority
of the included studies was low. However, three studies did use
hysterosalpingography [9, 16] or hysterosalpingography/hystero-
salpingo contrast sonography [22] as the reference method rather
than laparoscopic chromopertubation, which is considered the
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gold standard. We consider this only a minor study limitation,
since we also performed pooled analyses without these data.

Nonetheless, in the pooled analysis of all methods which evalu-
ated patency per single tube, the overall sensitivity and specificity
were 87.1% and 79.8%, respectively. These findings are similar to
those of the previous meta-analysis by Vitale et al. (sensitivity:
88 %; specificity: 85%) [4]. This is reasonable, since all six studies
included in the previous meta-analysis were also included in our
study [8, 10, 11, 12, 13, 27]. However, a pooled analysis of all
available techniques might not reflect the whole truth, since the
overall accuracy might differ between techniques. So far, only one
study has addressed this issue directly by comparing the “flow”
and the “air bubble” techniques. Although both tools were found
to be significantly predictive for tubal patency, the “air bubble”
technique performed better (sensitivity 90.6 % versus 73.3%, spe-
cificity 100% versus 70.7%) [12]. Our pooled analyses per tech-
nique revealed comparable results; in particular, the pooled speci-
ficity was higher for the “air bubble” technique (98.4% versus
75.5%), while similar sensitivity values were found (82.2% versus
85.6%, respectively; » Fig. 2). In contrast, selective hysteroscopic
pertubation with methylene blue dye revealed a pooled sensitivity
of 86.8% and a pooled specificity of 80.3%, when only those
studies were included which compared the method to lapa-
roscopic chromopertubation. These data might suggest that the
“air bubble” technique could be the most reliable approach. How-
ever, to draw final conclusions, more studies comparing different
methods to one another would be necessary.

Another tool is the use of transvaginal ultrasound before and
after hysteroscopy to detect changes in CDS fluid volume, which is
likely increased by hysteroscopic fluid in the case of at least one
open tube. However, although women with bilateral tubal patency
had higher increases in CDS volume than women with one patent
tube [6], this method can only reliably assess uni- or bilateral pa-
tency versus bilateral occlusion and does not allow an exact state-
ment about a single fallopian tube. However, the method has a
high pooled sensitivity of 90.7% and a high pooled specificity of
94.0% (» Fig. 2). Clearly, peri-hysteroscopic sonography could be
easily combined with other methods, and this has been recom-
mended for the “air bubble” technique [8]. However, only one
study addressed this issue directly and revealed a high accuracy of
the sonographic approach for bilateral occlusion together with
better results for the prediction of uni- or bilateral patency with
the “air bubble” technique [30].

None of the reported methods achieved maximum sensitivity
and specificity. While this is reasonable and also applies to other
methods of tubal patency evaluation like hysterosalpingography
and hysterosalpingo contrast sonography [6, 9, 13, 31, 32, 33], it
is clinically relevant to figure out the risk factors for an incorrect
hysteroscopic assessment. From the patient’s and the physician’s
point of view, a false-normal result could be the most unfavorable
inaccurate assessment, since this might lead to a delay in neces-
sary infertility treatment. Notably, the factors which increased the
risk of a false-normal result were only evaluated for the “flow”
technique. Adhesions surrounding the evaluated tube and a hy-
drosalpinx of the evaluated tube were the most relevant risk
factors [10, 11]. The latter should be less likely for the air bubble
sign since, in the original technique presented by Parry et al., the
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minimum time for intracavitary evaluation was ten seconds before
the entry of air bubbles. This was done to allow pressure equilibra-
tion in case of a hydrosalpinx [8, 12, 26]. The aim was to prevent
air bubbles from traversing the ostium of a hydrosalpinx with a
peripheral occlusion. However, future studies could focus on risk
factors for incorrect hysteroscopic tubal patency assessment in all
techniques.

When it comes to possible complications, it must be noted that
there is not much data on office hysteroscopy procedures in the
literature. In hysteroscopy in general, cervical stenoses, uterine
perforations, infections, and bleeding are described as possible
complications [34]. When looking at the methods of hysteroscopic
tubal evaluation individually, data on complications is scarce.
When the Flow technique, the Parryscope technique or the tech-
nique which employs ultrasound to detect fluid in the pouch of
Douglas pre- and post-hysteroscopy are used, complications are
extremely rare, because the intervention is limited [6, 11, 12].
When selective chromopertubation is used to evaluate tubal pa-
tency, the complication rate could be higher, as a small catheter is
inserted directly into the tubal ostia. Nevertheless, studies that
have investigated this method suggest a low complication rate for
this method as well [13].

For obvious reasons, the question whether the methods for
hysteroscopic evaluation of tubal patency are painful is only rele-
vant when the procedures are performed in an office setting.
Notably, data are scarce. The VAS was only used in the study of
Carta et al. on office hysteroscopy-guided selective tubal pertuba-
tion. Depending on the evaluated subpopulation, VAS scores from
6 to 8.5 were reported [27]. When these results are compared
with the findings of a recent meta-analysis on the characteristics
of the distension medium and how they affect pain during office
hysteroscopy, mean VAS scores of 1-4 were found, depending on
the type, pressure, and temperature of the distension medium
[35]. Based on these considerations, it could be hypothesized that
office hysteroscopy with selective pertubation would be more
painful than office hysteroscopy alone. However, more data are
needed. Notably, two observations favored hysteroscopic tech-
niques (air bubbles and sonography for the detection of peri-
operative changes in CDS volume) over hysterosalpingography [8,
9]. It is likely that the methods which focus on perioperative
changes in CDS volume, air bubbles or visualization of the flow ef-
fect will lead to pain which is similar to that of a normal office hys-
teroscopy. However, more studies are necessary, which compare
hysteroscopic tubal evaluation with hysterosalpingography and
hysterosalpingo contrast sonography with regards to pain scores.

All in all, the presented techniques seem promising and evi-
dence about their accuracy is increasing. However, a few limita-
tions need to be mentioned again [3]: some studies evaluated hys-
teroscopic tubal evaluation with standard diagnostic hysteroscopy
rather than office hysteroscopy. It might be of relevance whether
the procedure is performed under general anesthesia or not.
Moreover, it could be suggested that office hysteroscopy would
routinely have to be accompanied by ultrasound, since otherwise
it would not be possible to obtain information about the uterine
wall, hydrosalpinges, adhesions and other abnormalities [3].

One could argue that many subfertile/infertile women with a
normal uterine cavity and patent tubes are found to have intra-
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abdominal abnormalities, first and foremost endometriosis. This
seems relevant, given the increased prevalence of endometriosis
in subfertile women compared to women of proven fertility [36].
As precision medicine and tailored treatment are coming into
more general use, individual approaches should be found for every
patient [37]. Although the evidence suggests that operative lap-
aroscopy increases the rates of naturally conceived intrauterine
pregnancies, at least in women with minimal and mild endome-
triosis [38], surgery should only be indicated with great caution
and recurrent surgery should be avoided [37]. Thus, a combina-
tion of transvaginal ultrasound and outpatient hysteroscopy might
be relevant diagnostic tools for some women. However, given
these considerations and since chromopertubation can be per-
formed during laparoscopy, the hysteroscopic evaluation of fallo-
pian tube patency should be restricted to women who only under-
go office hysteroscopy. We do not believe that this technique will
replace laparoscopy. In conclusion, in view of the high sensitivity
and specificity of the hysteroscopic techniques for tubal patency
evaluation, these methods are more than promising. However,
until they are considered standard tools, their relevance lies in
maximizing the informative output of diagnostic hysteroscopy,
especially for women with in-/subfertility who do not undergo
concomitant laparoscopy.

Supplemental Figures

Supplemental Fig. S1. Assessment of risk of bias using the qualita-
tive instrument for data collection (Quality Assessment Tool for
Diagnostic Accuracy Studies— 2 [14]).

Supplemental Fig. S2. Extrapolated cross-tab of the prediction
of tubal patency using the hysteroscopic air bubble technique.
The provided numbers of occluded tubes for hysteroscopy and
laparoscopy allowed us to re-calculate the numbers of patent
tubes (steps 1 and 2, respectively). After that, calculation of the
false-abnormal hysteroscopic results was possible (step 3), which
allowed us to fill in the rest of the cross-tab.

* Data provided in the Results Section of reference [24].
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