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INTRODUCTION

Pregnaucy i3 amajor event in the life of women, this event could be
a happy one. Unfortunately hig happiness is usually clouded by many
troubles wiich render prepnancy a heavy burden aud a source of pain and

weankness,

Urclogical troubles are responsible {or a major part of these ones;
lhence the importance of our work. Our aim is to review the literature
about this subject "Urinary Tract Problems During Pregoancy” to study it
in detaii and to shed light upon the practical applications of these hard
and fast scientific data,aiming at last to lessen the sufferings of our fe-
male patients,making pregnancy safe and painless experience and alsc
and above all to save the urinary system from permanznt damage which

may persist even after the termination of preguancy,

Urinary tract infection comes o the top of the list of ihis kind of
troubles, actually tus subject, in particular, received a major conccrn in
the essay. |

Also thus study included the subject of urinary lithiasts which, during
pregnaicy,constitute a major diagnostic and therapeutic challenge.

Hypertension 15 a serious event during pregnaicy due 1o its obvious

relation 1o toxemia of pregnancy apain this study is handled in detail.

Renal failure is not uncommonly encounlcred during pregnancy on
diverse conditious,” dcaling with this serious situation is dealt with in this -
study.

Finally we ended our study by (he situation of pregnancy in transplant

patients, which is a rare finding but a very curious situation indeed



UROLOGICAL CHANGES DURING
PREGNACY.

Anatomical changes.

'

physiulﬁgicnl changes,




- A- ANATOMIC CHANGTS

The anal'mﬁié refationship of the penital and urinary tracis is intimate
because ol their common embryologic origin. Thus, conditions affccting
one system oflen exert an influence on the olher Pregnancy, which is the
most cammon genital tract condi.timl i the femaleis agsociated with
substantial inorpholegic change i the urinary fract. Various parts of the
urinary tract are affected,

1- KIDNLEY;

Renal length increases approximately Jom during nonmal prcgnancy .
It 15 thought that this does not represent true hypertrophy but it is the re-
sult of increased renal vascular and interstial volume, No histologic
changes have been identified in renal biopsies (Walizer, W.C: 1981)
(Cietalc and Newton 1985 a,b). |
2-RENAL PLVIS AND URETER;

A- Pyelo ureteral dilatation :

It represents the most striking morphologic effect of pregnancy on the
urinary iract .JFirsi recognized in autopsy studies performed more than
200 ycars agothe effect lhas been confirmed repeatedly by roentzenog-
raphic and sonographic techilques.the term physiologic hydroneplirosis
and hydroweter of pregnancy has been applied widely emphasizing both

the frequency of the changes and their apparent normalcy.
Characters:

a-0Onset and conrse:

Studies using intravenous wrography nsually have indicated that
pyeloursieral dilatation appears abruptly at approximately 20weeks' ges-
tation and both the incidence and severity remain essentially constant
from 20 weeks until term (.Sﬂhtdmau and Herlinger, 1975) Relatively rapid

postpartum resolution is the rule, with most of the changes returning to-
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ward normal within 48 houes of delivery .although several weeks may be
required for cmﬁplctc resalution (Harrow et al | 1964).

Mure recent  studies usimg ullrasome inggsurement of the kidney and
rental pelvis have sugpested a pattern of onsct and progression somewhat
ditterent from that based on earlier raciograplic studies.

Fried(1979) investigated a large number of asymptomatic pravidas at
VAIIOUS é.tages of gestationhe observated an onset ducing the first
triimmester in a substantial proportion and a tendency toward increasing

seventy with propressing gestation.
b- Site :
The change typically involves the renai pelvis and upper two tlurds of

the weter {1.e.,above the brim of the bony pelvis),whercas the pelvic

ureter 1s involved rarely 1f at all ( Schulman and Herlimper, 1975 ).

¢-Side:

A major charactenistic of pyeloureteral dilatation is the preponder-
ance of righisided involvement Schwlman and Hertinger (1975} exam-
ined intravencus uroprams of 200 patients in the last half of pregnancy
and noted the right side 1¢ be fuller than the leli 1 85.7% compared with
only 10% in whom the lefi side was [uller, Additional observations on the

side of mvolvement are sumnanzed m table (1).

(TABLE 1)

Noermal| Mild | Moderate| Severe

First trimester (N=1¥) 39 | 6l% [} {
Second trimester (N=90) | 31% [ 49% 20% ]
Third trimester (N=110) | 30% { 45% 22% 3%

(B feone whiasonne chsereations by Fried A b, Hydronephensis of preg-
maucy; Ullrasonggraphic siudy aud  classilication of asynpleauasiic woaei Aml
Obstet. Gynecol. 135 1006, 1975}
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More ihan three fourths of patients were judged to have definite dila-
tion on the nght, an incidence twice that on the left, The average degree
of right-sided dilatation estimated on an arbitrary scale was more than
twice that on the leit, and the pmpdr[icm ol subjects with severe changes
exlubited a fowfold preponderance of vighit over left. Nene of the subjects
in this study, strictly speaking, bad normal pregonaucies since all had
some clinical indication for jutravenous urography However, the most
conunon reasou for investigation was ntepartum bleeding, a condition not
likely to be associaled with inhcrent ﬁl‘il}ﬂl}f tract defects, whereas pa-
lients known to have previous or subsequent urinary tract disease were
excluded. therefore, (he data can be accepted as representative of a nor-
mal population,

The nght-sided prepondcrance of urinay stasis and pyelocalyceal
difation has been confirmed and characlerized by longitudinal sonog-
raphic studies by Ciefak and Newton (1983 a, 1985 ), whosc findings
are summarized in Table(2).

TABLE (2} QULITATIVE CHANGILES WITH PREG-
NANCY (RIGHT KIDNEY/LEFT KIDNEY}

‘ Mo Chsnge (%) | Stasis(%) | Hydromeplirosis {%) Hydronephrosis will
Clhubbinp(%4)
= o
I Weels
12 75086 25414 — -
In ul Pt 6423 310 -
20 L1/43 T4IST 14th -—-
b | o $7144 3159 63
29 124 EIN5Y: 33/12 3373
32 17 duiftnd s . 407
i1 s A 15/12 0
Posiprartun
2 Days 12/24 3273 15/ 2143
O Wooks 31553 HO47 — -—
17 Wecks 25475 16/54 .

{Adapied with pennission Trom Ciclak and Mewlon, 1983.)
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Aldthough evidence of stasis was obscerved in some subjects as early
as 12 weeks, aclual hydroneplirosis did not appoar wilil aller 20 weeks

and was four to five Limes more frequent on the right than on the left.

The explanation for the nght-sided preponderance of pyeloursteral
dilatation, althoupgh uncerlain, has been attributed to dextrorotation of the
uterus or a cushioning effect of the sigineid colon on the left.
Significance:

Upper urinary tract dilatalion has several functional and clinicai ef-
fects. Bergstrom (1775) used 1sotopic renography in patients in late preg-
nancy with entirely or predominantly right-sided hydronephrosis and hy-
droureter and found a nearly fivelold inercase in time to peak excretion
ou the right compared with on the left. However, in (he majority of cases,
{he ratio of pyclographic dead space ou onc side 1o that on the other was
at least as much as the ratio of calculated excretion rates, indicating that
auy renographic delay is due to a reservair cffect of the dilated wrinary
tract rather than to a reduction in urnary flow on the affected side. Thus,
winary stasis does not appear to be a necessary concomitant condition,
ftom « clinical point of view, the increased incidence of wrinary traet n-
{ectton during pregnancy often has been ascribed to pyelowreieral dilata-
tion. However, attempts to relate the incidence and severity of upper uri-
nary tract changes to symplmnatic or asymptomatic infection izve been

unsuccesstul (Schdnian and Ferlinger, 1973).

Symptomatic hydronephrosis 11-1 the absence of infection has been re-
ported to respend to ureteral catheterization (Niefsen aid Rasmussen
A988).A very rare complication 1s acute renal failure due to bilateral
ureteral obstruction (Rasniussein and Nizlsen, 1988,

Ltiology:

The etiology of gestational pyeloureterectasis has been the subject of
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considerable couttuversy. lwo basic causes-endocring and mechanical-
have been proposcd as primary etiologic apents, and cach has its advo-
cates.fatnstal (1963) reviewed the literature and concluded that the pri-
mary  cause was hormonal in nature, with partial and intermittent ureteral
obstruction probably contributing "in an important sccondary role.” In
reaching this conclusion, Fainstat drew heavily on in vifro studies dem-
cnstrating  dininished ureleral lone and contractility with addition of pro-
gestemﬁe and gonadofropin as well as on animal experiments indicating
ureleral dilation with various endocrine manipulations. Becawsc of the
comnion embryologic origin of (he ulerus and urinary collecling system
from the urogenital ridge and the well-kuown ability of progesierone 1o
Inhibit uterine motility, he suggested that progesterone and perhaps go-
tadolrupin were  primary factors. e also speculated that estrogen might
be mvolved by virtue of its growth-promoting and interstitial fivid-retain-
iug properties although thus hormone Llends Loy siimulate smonth nnscle

coniractility.

Prostaglandins also hﬁve been supgesied as a mechanisin for produc-
ing dilatation of the upper urmary fract. prostaglandin B has been dem-
onstrated  to  inhibit  ureteral confractility in anmimals (Boyarsky
el al.,1960).

Areview by Rasmussen and Nielsen (1988) noted a number of fac-
tors arguing against a causce that was pnmarily cndocranial {and therefore
i favor of mechanical factors); the abrupt onset at 1r1idge:stalim1,l the
sliarp lumtation to the portion of the urcicr above the pelvic brim, the
right-sided preponderance, and the customarily prompt resolution with
delivery, these authors concluded “that it is extremely probable (hat the
pregnant uterns compresses the urciers, and thus 15 the only cause of
physiological hydronephrosis during pregnancy "

Studies of intravreteral pressure relationships have indicaied that ad-
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vancing pregonancy is accompanied by progressive increases in contractilc
pressure and tounus (but not in contraction frequency) in the upper ureter,
whereas (hese samnc parmneters remain low in the pelvic ureter (Safi and
Rubi 1967). TFurthermore, when a pregnant subject lies on one side, the
iniraurcteral tonc of the opposite ureter decreases while that of the same

ureter remains lugh (Rudi and Sali, 1968).

Certain clinical observations also tend to 5uppnﬁ: mechanical ob-
struction as a primary feature. Hydronephrosis and hydronreter,althouph
common in pravidas with nonnally siluated kidneys, do not occur in
preghant women with pelvic kidneys fohnson et al, 1¥67), Furthetmore,
complele ureteral obstruction by a preatly overdistended uterus can oc-
cur, albenl ravely (Q'Shaughnessy et al., [980)

Histarically, mechanical theories nvoking ureteral compression at the
pelvic brim by the prowing uterus usually were accepted until about 35
vears ago, when endocrine factors began to receive greater empliasis.
However, during recent years there appears to have been a swing hack
toward cbstruction as a basic mechanisim, and two new theories involving
variations on the mechanical thecm have been preposed.  Dure-
Smidth (197() deseribed a filling defect called the iliac sign on miravenous
urography that was thought to represent ureleral compression by the iliac
vessels, The right-left differcuce was explained by {he observation that the
right ureler lends 1o cross over the common iliac artery, whereas the left
is more likely to lie on the less rigid vein. In addition, the course of the
right ureter was said 1o be 1more al o ght angle {0 the iliac vessels than is
the course of the left ureter.On the basis of autopsy dissections, intrave-
| nous wrography, and pelvic venography, Seliing and associates (1970)
described dilatation of the right gvarian vein complex during pregnancy
and sugpested that this anatomic cliange causes partial ureteral compres-

sion with resultant stasis.However, excision of the ovarian vein in other
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studics in subhuman primates did not affect the course of ureteral dilata-
tion (Roberts, 1971).

Altough  neither meehanical nor endocrine factots aloue appear ade-
quate to explain all of the observed characteristics of pyeloureteral dila-
tation during pregnancy, the bulk of the evidence appears to favor partial
urcteral compression by some structure (uterus,iliac artery, or ovarian
vein) as lhe primary mechanism, with endecrine effects playing a con-
tributory role.
b-Elongation of the urters :

Ureteral alterations less dramatic than dilatation also accompany
pregnancy. The ureters tend to elongate and fequendly exhibit iucreasesl
curvature as a consequence. These curves aclually are guite pentle when
viewed three-dimensionally, but in the conventional two-dimensional
uropram they may appear acutely angulated |, leading to their customary
(but inaccurate) designation as "kinks.”
c-Latcral dislocation of the ureters:

Tlic urcters also may be located more lateraily than usual, probably as
a result of elongation and displacement by {he enlarging ulerus . Lateral
displacement is observed during the last half of pregnancy in 20% of
cases on the left and 8% {o 10% of cases on the sipht (Schufinan and
Herlingr, (973} The right-left difference presunably reflects the position
of the sigmoid colon between the vicrus and the left ureter.

3- BLADDER

Becavse of its intimate anatomic relationship to the cervix and lower
uterme segment, the urinary bladder is displaced anteriorly and superiorly
as the merus grows. Thus, as pregoancy progresses, the bludder becomes
more of an abdominal aud less of a pelvic organ, The base of ihe bladder

dlso  broadens, and with descent of the presenting part as term ap-
proaches,the cystoscopic appearance of the trigone changes from that of
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acoucave to Lhal of a convex swface. The bladder participales in the
zeneralized hyperemua of the pelvie orgaus, und the mucosal surface
oftenn exhibils congestion and increased size and tortuosity of its superfi-
cial vessels. Saine depree of muscular hypericophy, preswnably as a re-
sult of estrogenic stitaulation, may be noted in histologic sections, but the
effect wsually 13 not evident cystoscopically.

Bladder capacity increases during peegnancy, apparenily as reflection
of the well known atonic effect of progestecrone on smooth mus-
cle.Howeverthe extent of the change is unclear, Maitingly and Borfkow
({974) deseribed a progressive increase during the second and thivd tri-
mesters to 2 capacity of 1L or more. Rubi and Sala (1972) recorded
- mean bladder volumes of 756 and 838 mL in nonpregnant and pregnant
subjects,respectively,which is astatistically insignificant difference.
These latter mvestigators also reported sigificantly less merease i blad-
der pressure with voiding in  pregnant than in nonpregnant patients, al-
though pregnancy did not mfluence resting pressues,

4- URETHRA:

Anatonue changes in the urefhra are relatively immor, af least those
occurring before parturition, Upward displacement of the bladder resulis
in atendetcy (o lengthen the wrethra. On urctlnoscopy,the mucosa ap-

pears congested and hyperemic cytologically the transitional epithelivm
becomes more squarmouslike under the influence of hish estrogen levels.

Urodynamic studies by fosif end col-feagues (950 in nullipatous
women 1 norinal late pregnancy and agam in the puerperium have docu-
meated gestational changes in lower urnary tract fimction. Urethral -
length, both absclute and functional, increased during laic preg-
naucy Maximal urethral pressure increased by an average 23 om FLO
compared wilh a mean increase in bladder pressure of only 11 em H,O,
leading to greater wrethial closure pressure during prepnancy, These two
effects-increased urethral length and elevated urethral closure pressure-

both tend to promote continence.
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B-PHYSIOLOGICAL CHANGES

Pregnancy causes alieration in  homeostasis in virtually all systems,
particulaly the cardipvascular and respiralory sysiems, and in water and
elecirolyte control. The lkidney plays a sipmificaut role m thesc homeo-
static changcs as a simple excretory organ as well as (be organ responsi-
ble for coordination of homeostasis in the intact organism. Ideally, the
changes In renal function in pregnancy should accommodate the needs of
both mother and fetus through improved control of maternal excretion
and recovery to provide the proper environment for the fetus and more
accurate regulation than that normally aclieved m (he nonpregnant
womain, Many of the pliysiologic variations of pregnancy, however, ap-
pear to conflict with the nceds of the fetus and the motiwer; the recent de-
velopment of non invasive methods of investigation of the cardiovascular
and renal systems has provided a beller undersianding of the effects of

the normal physiclogic changes that occur during pregnancy.
1- GENLERAL IIEMODYNAMIC CHANGES:

Renal function is affected by changes in other svstems, particularly

by those that occur in hemodynainic control,

A) Blood Volume

Plasma and red cell volumes increase markedly eatly m pregnancy,
Isut 1he imcreases are disproportionate. Plasma volume increases more than
blood volumne, oblainmy its imaxiouen of 40% between ihe 26th and 36th
weeks, Red cell volume increases progressively throughout pregnancy,
but only by 25% (Chasfey 1974).
B) Cardiac Ouiput

Cardiac output increases in the first trimester and reaches a maximumn
of 30 1o 50% between 24 and 28 weeks. Most of this increase in cardiac

output s established by the end of the [irst irimestcr. The measurement ol
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maximal cardiac ouput in prenancy depends on maternal posiure.In the
supmie  position,cardiac output is highest between 20 and 24 weeks;in the
sitting and lateral rccumbent positions,t s maxunal between 28 and
32 weeks (Ueland et af 1969) the merease in cardiac output is due to an
werease - sivoke volume resulting from the fall io iotal peripheral resis-
tance The mechanism for (he change in resistance is not known,but it is
not a result of increased uterine blood flow or metabolic demands im-
posed by the fetus (Metcalfe 1974;. Peripheral vasodilation is often clini-
cally evident as palinar erythema and spider tclangicetasias. As preg-
naucy continnes, heart rate increases and the stroke volume decreases

sinuwltaucously to nonpregnant values ( Mefcalfe 1974 ).

) Blood Pressure:

Mean blood pressure decreases carly in pregnancy and. by the second
trimester, diastolic levels are 10-15 minlle lower than before the patient
became pregnant MacGilliviay cf af 1962}, Blood pressure then In-
creases slowly, approaching prepregnancy value shortly before delivery
since cardiac outpul rises quickly in the first tinester {reachng values
that ate 40 per cont greater than those before preguancy) and retnaitis
relatively constant thercafter, the decline in blood pressure must be due o
a marked decrease i penpheral vascular resisiance. This is greatest m
the ulerme vasculature, which eventually develops into a large, low resis-
tance shunl.Howcver,other organ systems, especially the kidneys and
skin, participate i the geﬁeralized vasodilation which 1z charactenistic of
normal pregonancy, The rise of blood pressure toward nonpregnant levels
after the second trumester suggests that increasing vasoconsirictor lone (s
a feature of late nonmal preguancy (Cam! ef o 1980 ) and if the clinician

- 15 not aware of this pattem of change diagnostic errors may ensue.
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2- RENAL IITEMODYNAMIC CHANGES:
A) Renal Blood Flow:

There is amarked increase in cffective renal plasina flow {(ERPT)
. durmg pregnancy. The pattera of (he increase however, 1s not completely
understood because of the difficulty in obtaining precise measmements.
The increased urinary dead space becanse of dilatation of the pelvis caly-
ces and ureters (discussed Lelore}. Also, posiue exerts an cfiect on renal
bemodynamics. In the lateral vecurnbent position, gravidas have a higher
renal plasma flow compared to results obtained in the supine sitting,or
vpright positions.Reual plasina {low pradually rises during the first half
of pregnancy, and 1 mid pregnancy is 60 % to 80 % grealer than in the
nonpregnant state. in the third trimester, it 15 approximately 50% greater

than preconception values, (Davison f950).

B) Glomerular Filteation Rate:

Glomerular filtration rate {GFR) rises in preguancy. It reaches a peak
ol 40-50 % higher than nonpregaaul values between 9 and 11 weeks ,and
1s sustained until at lcast the 36th week. A relative paucity of published
data cxists after the 36th weelk. However, those data that exist do nof in-
dicate a sigmificant decrease in GFR (Davison 1980). In pregnancy, ex-
pressig GFR i terms of "permeter squared body surface area”is not ap-
propriate,and its measurement is subject to the same crrors as described
above {or renal plasma flow.

It should be ncled that these changes oceur before significant cxpan-
sion  of the matermal plasma volume, but al abould the time of sysiensic ar-
teriolar vasodilatation. They cannot be reproduced in experimental virgin
animals by injections of progesterone or prolactin and the mechanisms of
imercased GFR and RBEF i prepnancy remain unclear.

Elegant nueropuncture studies i rats have demonstrated equal atfer-
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