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Abstract

Background: Pregnancy related-acute kidney injury (PR-AKI) and urological complications are potentially preventable causes of maternal morbid-
ity and mortality. An in-depth knowledge of their risk in various maternal conditions can assist in getting closer to the ambitious target of zero
preventable death from AKI, by 2025. The aim of the current research was to study the incidence of acute kidney injury and urological complications
in morbidly adherent placenta (MAP), a rare maternal condition now being increasingly encountered worldwide, due to increasing incidence of
cesarean deliveries.
Methods: This was a prospective study, done over a period of four years. Pregnant patients with morbidly adherent placenta, with normal baseline
renal function and no past history of renal disease or diabetes were included in the study after obtaining a written informed consent. Patients with
pre-eclampsia/eclampsia and history of urological surgery in the past were excluded. Baseline parameters (demographic, antenatal and perinatal
parameters) and operative details (obstetric, urological, and hemostatic procedures) were recorded in detail for each patient. Outcome parameters,
including acute kidney injury (Acute Kidney Injury Network criteria), urological complications, and maternal outcome were studied during the
peri-operative and post-operative period, daily, till the end of the hospital stay and followed up weekly for six weeks after delivery. Patients with AKI
were compared to those without AKI and those needing a urological intervention were compared to those without urological complications. All
statistical calculations were done using SPSS 21 with P value < 0.05 considered as significant.
Results: A total of 5475 deliveries were conducted during the study period, out of which 64 patients had adherent placenta (incidence 12.8 per
1000 deliveries; 31-accreta, 13-increta, 20-percreta), none needing exclusion. Furthermore, AKI occurred in 39.1% of patients (nMAP-AKI = 25), most
of them had mild AKI (AKIN-1 in 11 patients), with severe AKI (AKIN-2, 3) in 10.9% (nAKIN-2 = 9, nAKIN-3 = 5) and one required two sessions of slow
low efficacy dialysis. On univariate analysis, AKI was higher in placenta percreta (P = 0.021, RR -2.34), urological injuries (0.001, RR 2.86), and higher
blood loss (P = 0.001). On multivariate analysis, placenta percreta was independently associated with higher incidence of AKI (P = 0.049). Urological
involvement/injuries requiring intervention were seen in 22 patients (nMAP-Ur = 22) with significantly higher incidence in placenta previa (P =
0.023, RR1.62) and placenta percreta (P = 0.000, RR 17.18), and patients undergoing hysterectomy (P = 0.000, RR -2.01) on univariate analysis, yet
on multivariate analysis, placenta percreta was found to be the most significant factor (P = 0.017). Significantly higher number of MAP-Ur had AKI
(15/22, P = 0.001, RR -2.87, 95% CI 1.55 - 5.28). Acute Kidney Injury and urological injuries significantly increased the need for intensive care and days of
hospital stay. At the end of six weeks follow-up all AKI patients had complete recovery of renal function and no urinary leak or vesico-vaginal fistula
was seen in urologically intervened patients. No maternal mortality was seen.
Conclusions: There is an alarmingly high incidence of pregnancy-related acute kidney injury and urological complications in adherent placenta-
tion, posing a great threat to their worldwide improving statistics. Awareness of this condition among renal fraternity and its multidisciplinary
management can significantly improve maternal renal and overall prognosis.

Keywords: Morbidly Adherent Placenta, Pregnancy Related-Acute Kidney Injury, Acute Kidney Injury, Acute Kidney Injury;
Urological Complications

1. Background

Pregnancy-related acute kidney injury (PR-AKI) is an
unexpected adverse turn of events in an otherwise normal
maternity and is a major cause of perinatal morbidity and
mortality in developing countries. Obstetric hemorrhage
is among the major causes of PR-AKI, and morbidly adher-

ent placenta (MAP) causes the severest of hemorrhages, yet
the incidence of PR-AKI in MAP has not been studied sys-
tematically. Furthermore, MAP is a rare form of placen-
tal mal-adherence, due to defect in decidua basalis, result-
ing in abnormal invasion of placenta to the substance of
the uterus and absence of a plane of cleavage between the
two. Depending on severity, the condition is classified as
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placenta accreta (the chorionic villi reaching the uterine
myometrium), placenta increta (invading into the uterine
myometrium) and placenta percreta (chorionic villi pen-
etrating the uterine serosa and beyond). It occurs due to
absence/deficiency of Nitabuch’s layer. This aberrant in-
vasion can extend beyond the uterus to the surrounding
pelvic structures with urinary bladder being the most com-
mon, besides involving the ureters, gut, and rarely the ab-
dominal wall (1-3). The lacunae in antenatal care in devel-
oping countries leads to diagnosis of MAP in peripartum
period, and lack of awareness regarding the potential risk
of AKI and urological involvement makes the scenario even
more challenging.

This study highlights the incidence of acute kidney in-
jury and urological complications with morbidly adherent
placenta and their impact on maternal morbidity.

2. Methods

This was a prospective study done over a period of four
years (1st January, 2014 to 31st December, 2017) at a tertiary
care centre in north India. The study was approved by the
institutional ethical committee. Pregnant patients that de-
livered at the hospital, were diagnosed antenatally or peri-
partum to have morbidly adherent placenta, with normal
baseline renal function and no past history of renal disease
or diabetes were included in this study. Proper informed
consent was taken from the patients for inclusion in the
study. Patients with pre-eclampsia/eclampsia, history of
urological surgery in the past, and those refusing consent
for inclusion were excluded.

The diagnosis of MAP was based on absence of plane
of cleavage between placenta and uterus, resulting
in heavy bleeding from the site of implantation on
forced/piecemeal removal, making manual removal
partially or totally impossible. Histopathological confir-
mation was done in patients undergoing hysterectomy. A
detailed history of the patients was recorded, including
demographic parameters, past obstetric history (number
of previous normal or cesarean deliveries, abortions, and
any other gynecological procedures), complete medical,
and personal history. History pertaining to the present
gestation, included antenatal history and follow-up, ante-
natal/perinatal radiological diagnosis of adherent placen-
tation, and time of first presentation to the hospital (on
antenatal follow-up from here or outside), were recorded.
Baseline investigations, including complete blood count,
renal function, urine microscopy and dipstick, liver func-
tion tests, coagulation parameters, and ultrasonography
were done for all patients. The details of present delivery
(normal or cesarean, elective or emergency procedure),
presence of bladder invasion and/or injury, type of obstet-
ric, and urological procedures were noted in detail. The

estimated blood loss, number of blood transfusions, and
methods adopted to achieve hemostasis (deep suturing of
the placental bed, internal iliac artery ligation [unilateral
or bilateral], and uterine artery embolization) during the
perioperative period were recorded. Patients were closely
monitored peri-op and post-op for urine output (hourly)
and renal function (daily). Acute kidney injury (AKI) was
diagnosed and staged based on the Acute Kidney Injury
Network (AKIN) classification/staging system (4). The
need for renal replacement therapy, intensive care (with
or without ventilator support), and days of hospital stay
was noted for each patient. After discharge, each patient
was followed-up weekly for six weeks, for complications
related to obstetric and urological procedures, with renal
functions repeated at each visit. A check radio-cystogram
was done at three weeks after delivery in all patients un-
dergoing bladder repair/surgery. Final renal, urological,
and overall maternal and neonatal outcome were analyzed
at the end of six weeks.

2.1. Statistical Analysis

The data was described in terms of range, mean± stan-
dard deviation (± SD), frequencies (number of cases), and
relative frequencies (percentages), as appropriate for uni-
variate analysis. Comparison of quantitative variables be-
tween the study groups were done using Student’s t-test
and Mann Whitney U test for independent samples, para-
metric and non-parametric data, respectively. For compar-
ing categorical data, Chi Square (χ2) test was performed
and Exact test was used when the expected frequency was
less than five. A probability value (P value) less than 0.05
was considered statistically significant. Relative risk was
calculated for various parameters. Variables, which were
less than 0.05 at univariate analysis, were taken for binary
logistic regression for multi-variate analysis. All statistical
calculations were done using the Statistical Package for the
Social Sciences (SPSS) version 21 statistical program for Mi-
crosoft Windows.

3. Results

A total of 5475 deliveries were conducted at the hospi-
tal during the four-year study period, out of which there
were 2047 normal vaginal deliveries (NVD) and 3428 Ce-
sarean deliveries (CD). Out of these, 64 patients were diag-
nosed to have morbidly adherent placenta. The incidence
of MAP calculated from our study was one in 86 deliveries
(i.e. 12.8 per 1000 deliveries).

The mean age of the patients was 30.98 ± 4.09 years
(range 24 to 45) and mean gestation was 32.69 ± 5.05
weeks (range 16 to 39 weeks). None of the patients had pre-
existing renal disease or diabetes or any other exclusion
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criteria. Most of the patients (n = 58, 90.6%) were multi-
gravida (G2-9, G3-23, G4-17, G5-3, G6-6). Fifty-five patients
(85.9%) had history of previous cesarean deliveries and 28
(43.8%) had history of abortions in the past. One patient
had history of laparotomy twice for ectopic pregnancies
and another one had a history of having tried medical ter-
mination with oral pills thrice in the present pregnancy.

Twenty-four patients (37.5%) were diagnosed as having
MAP on antenatal ultrasound, many of whom were in the
early stages of labor on hospital admission. Forty-three
(67.2%) had been presented to the emergency room, and
most of them were antenatally undiagnosed cases (n = 34)
referred from outside in advanced labor with severe com-
plications, such as antepartum hemorrhage, hematuria (n
= 2), hemoperitoneum (n = 1), sepsis (n = 2), and dissemi-
nated intravascular coagulation (n = 2).

In the peri-operative findings, 31 patients (48.4%) had
placenta accreta, 13 (20.3%) had placenta increta, and 20
(31.3%) had placenta percreta. Thirty-seven (57.8%) had pla-
centa previa. Urological injuries were encountered in 22
patients (34.4%). Mean estimated blood loss was 2157 ±
1843 mL (range 200 to 7300 mL) and 56/64 (87.5%), requir-
ing blood transfusion (mean 3.1 ± 2.8 transfusions; range
1 to 11 units). Hemostasis was achieved by deep suturing
of the placental bed after manual removal of placenta fol-
lowed by packing in 11/64 (17.2%), internal iliac artery lig-
ation (IAL) in 20 patients (31.3%), and uterine artery em-
bolization (UAE) in 10 (15.6%) patients. Five patients needed
ultrasound-guided evacuation of placenta, however, one of
these patients had post-procedure sepsis and required to-
tal abdominal hysterectomy on day three. Total (n = 38) or
subtotal (n = 3) hysterectomy was needed in 41 (64.1%) pa-
tients.

Acute kidney injury occurred in 25 (39.1%) of MAP de-
liveries, with AKIN-1 in 11 (17.2%), AKIN-2 in nine (14.1%), and
AKIN-3 in five (7.8%) with one of them requiring renal re-
placement therapy (two sessions of slow low efficacy dialy-
sis). On comparing the group suffering from AKI (MAP-AKI)
with those without kidney injury (MAP-No-AKI) (Tables 1
and 2), there was no significant difference in age (P = 0.372),
yet AKI was high in patients presenting early gestation (P =
0.002). Furthermore, AKI occurred more often in antena-
tally undiagnosed (RR -1.15, 95% CI 0.79 to 1.68) and emer-
gency cases (RR -1.23, 95% CI 0.89 to 1.72). There was signif-
icantly increased risk in placenta percreta (P = 0.021, RR -
2.34, 95% CI 1.12 to 4.91) than increta (RR -0.69, 95% CI 0.24
to 2.01), and accreta (RR -0.64, 95% CI -0.35 to 1.15). Patients
having AKI had a significantly higher peri-operative blood
loss (3086.4 ± 1993.8 versus 1561.5 ± 1479.6, P = 0.001) and
required significantly higher number of transfusions (P =
0.003). Furthermore, AKI was encountered in 50% of those
undergoing IAL (RR -1.56, 95% CI 0.76 to 3.2), 30% with UAE
(RR -0.67, 95% CI 0.19 to 2.35), and 27.3% of patients under-

going deep suturing of placental bed (RR -0.59, 95% CI 0.71
to 1.99). Hysterectomy increased the risk (RR -1.35, 95% CI
-0.95 to 1.92) and so did urological interventions (P = 0.001,
RR -2.87, 95% CI 1.55 to 5.28). Acute Kidney Injury was seen in
almost all patients requiring both hysterectomy and blad-
der repair (14/15). Occurrence of AKI significantly corre-
lated with need for ICU care (P = 0.001, RR -3.64, 95% CI 1.61
to 8.22) and significantly increased the number of days of
hospitalization (14.4 ± 8.5 versus 8.4 ± 5.1 days, 95% CI 2.6
to 9.5, P = 0.001).

Urological injuries requiring intervention were en-
countered in 22 (34.4%) patients. Patients mostly under-
went surgical repair of bladder for bladder tears or rup-
ture, yet a few needed only adhesiolysis (n = 2), cysto-
scopic evaluation with retrograde pyelography (n = 1), with
two of them requiring radiopaque polyurethane (double-
J) ureteric stent insertion. Indwelling per-urethral catheter
was left in-situ following bladder repair in all patients,
with additional suprapubic catheterization (SPC) in four
of them with extensive bleeding from the bladder mucosa.
None of the patients required complete or partial resec-
tion of the bladder. Two patients also required laparotomy
for accompanying small gut involvement, one of them pre-
senting hemoperitoneum and shock. The patients requir-
ing urological interventions (MAP-Ur n = 22) were also com-
pared to those not requiring the intervention (MAP-Non-
Ur n = 42) (Tables 3 and 4). Urological complications oc-
curred more in antenatally undiagnosed patients (RR -1.27,
95% CI 0.88 to 1.84), especially those operated as emergency
cases (RR -1.38, 95% CI -1.00 to 1.89). Most of them were
multigravida. Presence of placenta percreta (P = 0.000, RR
-17.18, 95% CI 4.38 to 67.39) and placenta previa (P = 0.023,
RR -1.62, 95% CI 1.09 to 2.39) significantly correlated with
the need for bladder repair. There was significantly more
blood loss (3898.2 ± 1736.5 mL versus 1245.2 ± 1094.2 mL,
95% CI 1944.6 to 3361.3, P = 0.000) and more requirement of
blood transfusions in MAP-Ur patients (5.5± 3.0 versus 1.88
± 1.5, 95% CI 2.5 to 4.8, P = 0.000). Hysterectomy was done
in 95.5% (21/22) of patients with bladder invasion versus
47.6% (20/42) in those without bladder injury (P = 0.000,
RR -2.01, 95% CI 1.44 to 2.79). Ten patient in MAP-Ur required
IAL, one required UAE, and one required deep suturing of
placental bed for hemostasis. A significantly higher num-
ber (15/22) had acute kidney injury in MAP-Ur (P = 0.001, RR
-2.87, 95% CI 1.55 to 5.28), with AKIN 1 in six, AKIN 2 in four,
AKIN 3 in five and a significantly higher number needed
ICU care (with or without ventilatory support) (P = 0.000,
RR 7.64, (95% CI 2.91 to 20.08). The occurrence of urolog-
ical injuries increased the hospital stay, significantly (15.8
± 8.63 versus 8.1 ± 4.6 days; 95% CI 4.5 - 11.1, P = 0.000).

On follow-up of these patients, all patients with AKI re-
covered well and none had loss of renal function on follow-
up. All MAP-Ur patients underwent radio-cystography at
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Table 1. Comparison of Patients with Morbidly Adherent Placenta and Acute Kidney Injury (MAP-AKI) with Those not Having Acute Kidney Injury (MAP-No-AKI)

MAP-AKIa MAP No-AKIa T P Value
95% Confidence Interval of the Difference

Lower Upper

Age, y 31.56 ± 5.31 30.62 ± 3.10 0.900 0.372 -1.154 3.044

Gestation age, wk 30.32 ± 5.41 34.21 ± 4.23 -3.214 0.002 -6.301 -1.469

Estimated blood loss, mm 3086.40 ± 1993.81 1561.54 ± 1479.62 3.507 0.001 655.624 2394.099

Number of packed cell
transfusions, n

4.36 ± 3.09 2.33 ± 2.22 3.052 0.003 0.699 3.354

Day of discharge, d 14.40 ± 8.53 8.36 ± 5.13 3.542 0.001 2.632 9.450

a Values are expressed as mean ± SD.

three weeks post-surgery, which was found to be normal,
with no urinary leak, vesico-vaginal or uretero-vaginal fis-
tula formation. Five cases of fetal losses at gestation ages
16, 18, 20, 23, and 34 weeks (intrauterine death of one of the
twins in an IVF pregnancy), one neonatal death (on day six)
in a preterm (26 weeks), and one loss to follow-up after 10
days were encountered. There was no maternal mortality
in 63 patients followed up for six weeks, however, one did
not come for follow-up after discharge against medical ad-
vice, 10 days after delivery.

4. Discussion

Pregnancy-related acute kidney injury is a leading
cause of peripartum morbidity and mortality. A large num-
ber of studies on PRAKI from developing countries have re-
vealed a decrease in its incidence over the last few decades.
The incidence in India has steadily declined from 22% in
1960s to 9% in 1980s, (5) 3% to 7% in early 2000s (6, 7), and
a further decrease to 1.56% in 2017 (8). South Africa showed
improvement from 25% to less than 16% over a period of 15
years (9). A study from Turkey also demonstrated a declina-
tion of PRAKI, primarily due to reduction in septic abortion
by 30% in the last 20 years (10). The incidence in different
provinces of China ranged from 0.02% to 1.84% (11). These
improved statistics in developing countries are attributed
to the improved socioeconomic situation, early detection
of PRAKI, and proper management of obstetric complica-
tions (12). However, the levels continue to remain higher
than those seen in developed countries (1 in 20,000 preg-
nancies) (13). In developing countries, sepsis and hemor-
rhage account for > 50% of cases of PRAKI (14, 15) in con-
trast to developed countries, where chronic hypertension,
renal disease, and preeclampsia/eclampsia are important
causes (16, 17). None of the studies have systematically stud-
ied the risk of PRAKI in morbidly adherent placenta (MAP),
the rising incidence of which is a matter of concern for
both developing and developed countries.

Morbidly adherent placenta with its growing inci-
dence poses a great threat to the physiology of parturition.
The gravity of the danger posed by MAP can be assessed
from its incidence, which has increased from one in 2562,
in 1970s (18), one in 533 in retrospective series from 1982 to
2002 (19), one in 275 in 2008 to 2010 (20) to a high of one
in 86 deliveries in the current study. This trend largely cor-
relates with the rise in the number of caesarian deliveries
and higher incidence of placenta previa, as both these con-
ditions are harbinger of adherent placentation. The CD:
NVD ratio in the current study was 1.67:1; a sharp skewing
towards cesarean because of being a referral hospital cater-
ing high risk and complicated cases. Other clinical con-
ditions associated with MAP are grand multi-parity, prior
uterine surgery, myomectomy, curettage, uterine irradia-
tion, endometrial ablation, Asherman syndrome, uterine
leiomyomata, uterine anomalies, hypertensive disorders
of pregnancy, and smoking (21). Morbidly adherent pla-
centa can lead to life-threatening hemorrhage, acute kid-
ney injury, bladder and bowel involvement, sepsis, dis-
seminated intravascular coagulation (DIC), and rarely am-
niotic fluid embolism, thus, significantly increasing the
risk of maternal and fetal morbidity and mortality (22).
Studies have reported maternal mortality of 6% to 7% (21)
and a perinatal mortality of 24% (23) with MAP. This study
unfolds a strong correlation between pregnancy-related
acute kidney injury and urological complications with
morbidly adherent placenta.

The MAP patients are predisposed to AKI due to ex-
cessive bleeding, increased risk of sepsis, DIC, coexistent
organ invasions, and need for extensive and sometimes
multiple surgical interventions (22). Incidence of PRAKI
in the current study was as high as one third of MAP de-
liveries (39.1%), with 10% having severe AKI. The incidence
was higher in early gestation, possibly because these pa-
tients had more severe placental invasions causing early
antepartum hemorrhages, sepsis, DIC, etc. Furthermore,
AKI was found more in placenta percreta and in the pres-
ence of bladder invasion, possibly due to excessive hem-
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Table 2. Comparison of Patients with Morbidly Adherent Placenta and Acute Kidney Injury (MAP-AKI) with Those not Having Acute Kidney Injury (MAP-No-AKI)

Acute Kidney Injury Total
(N =
64)

Chi-
Square
Value

P
Value

Relative Risk
(RR), AKI Vs.

NO-AKI

95% Confidence Interval

MAP-AKI (n = 25)a MAP-No-AKI
(n = 39)a

Lower Upper

Antenatal diagnosis 0.53 0.467

Diagnosed 8 (33.3) 16 (66.7) 24 0.780 0.394 1.546

Undiagnosed 17 (42.5) 23 (57.5) 40 1.153 0.792 1.678

Gestation

G1 2 (33.3) 4 (66.7) 6 0.091 0.763 0.780 0.154 3.947

G2 2 (22.2) 7 (77.8) 9 1.248 0.264 0.446 0.101 1.976

G3 8 (34.8) 15 (65.2) 23 0.276 0.599 0.832 0.415 1.668

G4 11 (64.7) 6 (35.3) 17 6.395 0.013 2.860 1.212 6.750

G5 2 (66.7) 1 (33.3) 3 1.008 0.315 3.120 0.298 32.628

G6 0 (0.0) 6 (100.0) 6 4.244 0.039

Previous caesarian 1.248 0.463

No 2 (22.2) 7 (77.8) 9 0.446 0.101 1.976

Yes 23 (41.8) 32 (58.2) 55 1.121 0.930 1.352

Previous abortion 0.221 0.639

No 4 (44.4) 5 (55.6) 9 1.314 0.423 4.087

Yes 10 (35.7) 18 (64.3) 28 0.913 0.615 1.355

Placenta previa 1.746 0.186

No PP 8 (29.6) 19 (70.4) 27 0.657 0.341 1.266

PP+ 17 (45.9) 20 (54.1) 37 1.326 0.882 1.993

Type of adherent
placentation

Accreta 9 (29.0) 22 (71.0) 31 2.541 0.111 0.638 0.353 1.152

Increta 4 (30.8) 9 (69.2) 13 0.471 0.492 0.693 0.239 2.012

Percreta 12 (60.0) 8 (40.0) 20 5.358 0.021 2.340 1.116 4.906

Emergency vs elective 1.445 0.229

Elective 6 (28.6) 15 (71.4) 21 0.624 0.280 1.392

Emergency 19 (44.2) 24 (55.8) 43 1.235 0.886 1.721

Other hemostatic
interventions

B/L IAL 10 (50.0) 10 (50.0) 20 1.462 0.227 1.560 0.761 3.200

Packing 3 (27.3) 8 (72.7) 11 0.776 0.505 0.585 0.171 1.998

UAE 3 (30.0) 7 (70.0) 10 0.409 0.728 0.669 0.190 2.347

Hysterectomy 3.924 0.141

No 6 (26.1) 17 (73.9) 23 0.551 0.251 1.205

Yes 19 (46.3) 22 (53.7) 41 1.347 0.947 1.918

Post-operative care 11.697 0.001

ICU 14 (70.0) 6 (30.0) 20 3.640 1.613 8.215

Recovery 11 (25.0) 33 (75.0) 44 0.520 0.328 0.825

Total 25 (39.1) 39 (60.9) 64

a Values are expressed as No. (% n/N).

orrhage, extensive surgical intervention, need for blood
products, increased sepsis, and DIC in these patients. There
was no difference in the incidence of AKI with different
hemostatic techniques (deep suturing, UAE, and IAL) or
hysterectomy, however, concomitant bladder repair signif-
icantly increased the risk (P = 0.001). Acute Kidney Injury
also increased the need for ICU care (with or without ven-
tilator support, P = 0.001) and the number of recuperation

days, significantly (P = 0.001). Another study also showed
increased need and longer stay at the ICU (weighted mean
difference, 2.13 day [95% CI 1.43 to 2.83 day]) in PR-AKI com-
pared with those without AKI (24).

Besides AKI, bladder involvement significantly in-
creases morbidity in MAP. After the first case of bladder
involvement in MAP, reported in 1969 (25), only 27 cases
were reported till 2000 (26), yet this study encountered 22
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Table 3. Comparison of Patients with Morbidly Adherent Placenta Undergoing Urological Intervention (MAP-Ur) with Those Requiring no Urological Intervention (MAP-No-Ur)

Urological Intervention
T P Value

95% Confidence Interval of the Difference

MAP-Ur (N = 22)a MAP-Non-Ur (N = 42)a Lower Upper

Age, y 31.27 ± 4.74 30.83 ± 3.76 0.405 0.687 -1.728 2.607

Gestation age, wk 30.73 ± 5.13 33.71 ± 4.76 -2.322 0.024 -5.558 -0.416

Estimated blood loss,
mm

3898.18 ± 1736.52 1245.24 ± 1094.15 7.486 0.000 1944.564 3361.324

Number of packed cell
transfusions

5.50 ± 3.04 1.88 ± 1.53 6.359 0.000 2.481 4.757

Day of discharge, d 15.82 ± 8.63 8.05 ± 4.60 4.715 0.000 4.476 11.065

a Values are expressed as mean ± SD.

such cases in the study of 64 patients. In cases reported
from developing countries, bladder involvement was rec-
ognized only at the time of delivery. Ideally, MAP and ac-
companying bladder involvement can be diagnosed on an-
tenatal ultrasound and confirmed by magnetic resonance
imaging (MRI) in doubtful cases. Sometimes gross hema-
turia also leads to antenatal diagnosis. Most of the cases
in the present study were antenatally undiagnosed (62.5%),
who were presented for the first time in the peripartum pe-
riod with impending or established complications of ad-
herent placenta, and some of them were diagnosed with
intra-op during attempt at removal of placenta, a scenario
seconded by other studies from developing countries (1,
27). In such cases, urologists are usually consulted after
a life-threatening emergency situation has already arisen
(28). In the centre of the current study, urologists were al-
ways kept in loop in patients with antenatally diagnosed
MAP (24/64), however, in unsuspected emergency cases,
the urology team was called-in after the intra-op diagno-
sis. This is in sharp contrast to developed nations, similar
to a 12-year retrospective series from Utah, US (29), in which
all females had at least one antenatal ultrasound and al-
most half of those with antenatal suspicion of MAP under-
went pelvic magnetic resonance imaging. Antenatal diag-
nosis allowed for preoperative ureteric stenting and sched-
uled caesarean hysterectomy, without attempts at placen-
tal removal, in the Utah study (29), both of which appeared
to reduce maternal morbidity and significantly lowered
mean blood loss compared with women undergoing emer-
gency delivery. However, cystotomy was still required in
29% of their patients (29). A Turkish study (30) had ultra-
sound mapping of the placental area for all patients be-
fore surgery, with emergency caesarean hysterectomy in
15.6%, and the remainder underwent planned caesarean
hysterectomy, and only 8.6 % had urological injury. Royal
Women’s Hospital, UK, had a different experience, where
as many as 73.5% underwent urological interventions (31).
In the presence of bladder wall invasion and uncontrolled
uterine bleeding following delivery, every attempt should

be made to maintain hemodynamic stability and preserve
the bladder and ureters. Reconstructive surgery, if neces-
sary, may be postponed until after the patient is hemody-
namically stabilized (28). Although resection of the blad-
der base with the distal ureters has been advocated if inva-
sion is found at time of delivery, yet, it causes heavy bleed-
ing and resultant AKI, and also an increased risk of coagu-
lopathy, transfusion reaction, sepsis, adult respiratory dis-
tress syndrome, and multi-organ failure due to aggressive
blood transfusion, and vesicovaginal fistulas due to exten-
sive surgery (27).

This is the first attempt from a developing country to
prospectively study the incidence of AKI and urological
complications in the rare maternal condition of morbidly
adherent placenta. The study has its own limitations. Al-
though the study cohort was the largest among other MAP
studies from the region, the number may be insufficient to
identify differences in renal and other complications with
different management strategies. Each patient with AKI
had multiple implicating factors, which could not be stud-
ied individually. Incidences of hypotension at different
times of hospital stay could not be correlated to AKI. The
hospital of the current research was a tertiary care hospital
with multispecialty back-up, thus, the data may underesti-
mate the challenges faced at primary care facilities in man-
agement of such patients in developing countries. Multi-
centric studies from developing and developed world can
provide further knowledge in this regard.

To summarize, this study emphasizes the need for the
renal fraternity to identify morbidly adherent placenta as
a potential challenge to the improving statistics of PRAKI
worldwide. There is a need to check the rising trend of cae-
sarian deliveries, which is resulting in higher incidence of
MAP. The need for a good antenatal program in develop-
ing countries to diagnose such conditions pre-emptively is
also emphasized. The condition when faced needs a multi-
disciplinary team approach, and the associated renal com-
plications, morbidity, and mortality can be reduced when
managed well. It is strongly advocated to manage MAP de-
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Table 4. Comparison of Patients with Morbidly Adherent Placenta Undergoing Urological Intervention (MAP-Ur) with Those Requiring no Urological Intervention (MAP-No-Ur)

Urological Intervention Total
(N =
64)

Chi-
Square
Value

P
Value

Relative Risk
(RR), MAP-Ur Vs.

Non-Ur

95% Confidence Interval

MAP-Ur (n = 22)a MAP-Non-Ur (n = 42)a Lower Upper

Antenatal diagnosis 1.496 0.221

Diagnosed 6 (25.0) 18 (75.0) 24 0.636 0.296 1.370

Undiagnosed 16 (40.0) 24 (60.0) 40 1.273 0.882 1.836

Gestation

G1 1 (16.7) 5 (83.3) 6 0.92 0.337 0.382 0.048 3.069

G2 2 (22.2) 7 (77.8) 9 0.686 0.337 0.545 0.124 2.407

G3 8 (34.8) 15 (65.2) 23 0.003 0.585 1.018 0.513 2.021

G4 8 (47.1) 9 (52.9) 17 1.651 0.162 1.697 0.762 3.779

G5 1 (33.3) 2 (66.7) 3 0.002 0.730 0.955 0.092 9.953

G6 2 (33.3) 4 (66.7) 6 0.003 0.664 0.955 0.189 4.809

Previous caesarian 2.513 0.147

No 1 (11.1) 8 (88.9) 9

Yes 21 (38.2) 34 (61.8) 55 1.179 0.992 1.401

Previous abortion 1.112 0.292

No 5 (55.6) 4 (44.4) 9

Yes 10 (35.7) 18 (64.3) 28 0.815 0.542 1.226

Placenta previa 5.205 0.023

No PP 5 (18.5) 22 (81.5) 27

PP+ 17 (45.9) 20 (54.1) 37 1.623 1.099 2.396

Type of adherent
placentation

Accreta 2 (6.5) 29 (93.5) 31 20.78 0.000 0.132 0.035 0.501

Increta 2 (15.4) 11 (84.6) 13 2.608 0.106 0.347 0.084 1.430

Percreta 18 (90.0) 2 (10.0) 20 39.0901 0.000 17.182 4.380 67.399

Emergency vs
elective

3.255 0.061

Elective 4 (19.0) 17 (81.0) 21 0.449 0.172 1.172

Emergency 18 (41.9) 25 (58.1) 43 1.375 1.000 1.889

Acute kidney injury 11.942 0.001

Yes 15 (60.0) 10 (40.0) 25 2.864 1.553 5.279

No 7 (17.9) 32 (82.1) 39 0.418 0.221 0.788

Other hemostatic
interventions

B/L IAL 10 (50.0) 10 (50.0) 20 3.148 0.076 1.909 0.940 3.878

Packing 1 (9.1) 10 (90.9) 11 3.764 0.081 0.191 0.026 1.396

UAE 1 (10.0) 9 (90.0) 10 3.122 0.144 0.212 0.029 1.568

Hysterectomy 14.390 0.000

No 1 (4.3) 22 (95.7) 23 0.087 0.013 0.602

Yes 21 (51.2) 20 (48.8) 41 2.005 1.441 2.788

Post-operative care 26.844 0.000

ICU 16 (80.0) 4 (20.0) 20 7.636 2.905 20.077

Recovery 6 (13.6) 38 (86.4) 44 0.301 0.151 0.601

Total 22 (34.4) 42 (65.6) 64

a Values are expressed as No. (% n/N).

liveries in tertiary care facilities, well equipped to handle
unforeseen maternal nephro-urological and other compli-
cations.
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