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POSTMORTEM MAGNETIC RESONANCE IMAGING IN THE DIAGNOSIS
OF CONGENITAL PNEUMONIA
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Congenital pneumonia is one of the leading causes of neonatal deaths. In this work we assess the possibility of using post-
mortem magnetic resonance imaging for the diagnosis of congenital pneumonia. The study was conducted on 21 neonate
bodies. Before the autopsy, MRI scanning was performed on the Magnetom Verio 3T system (Siemens, Germany) in T1 and
T2 standard modes. The resulting images were used to analyze signal intensities of lung tissue, pleural fluid and air. Airiness
index was computed as the ratio of pleural fluid signal intensity to lung tissue signal intensity. Then, the autopsy was performed.
Based on the histological analysis results, the main and the control groups were formed. The bodies of 9 neonates who had
died from congenital pneumonia were included into the main group; the control group consisted of 12 dead neonates with no
signs of pneumonia. On T1-weighted images, the signal intensity from the lungs of the infants with congenital pneumonia was
higher by 26.5 % in the left lung and 12.9 % in the right lung, compared to the controls (p >0.05). On T2-weighted images,
the corresponding figures were 23.7 and 31.2 % (p >0.05). The sensitivity of the method is 77.8 %, specificity is 75.0 % and
diagnostic efficacy is 76.2 %.
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NOCMEPTHASI MPT AASI AMATHOCTUKU BPOXXAEHHOW NMHEBMOHUU
Y. H. TymaHosa'®? B. M. JlanuH', B. I. Bbiderko', A. W. LLlerones'?, I". T. Cyxux’

THay4HbIi LEHTP akyLlepCTBa, MMHEKONOMMM 1 MepuHaToONnorn nveHn akagemmka B. M. Kynakosa, Mockea
2 PoCCuUinckmi HaumoHarbHbI MCCNeaoBaTeNbCKNA MEOVNLMHCKUN yHMBepCcuTeT uMmern H. U. Muporosa, Mocksa

BpoxaeHHas MHEBMOHUS — ofHa W3 OCHOBHbIX MPUYMH rbenv AeTert B HeoHaTanbHOM nepuoge. B paboTe oleHeHa
BO3MOXHOCTb MPUMEHEHNST MOCMEPTHOW MarHUTHO-PEe30HaAHCHOW Tomorpaun Onst OMarHOCTUKU BPOXKAEHHOW MHEeB-
MOHWUM Ha ayTomncuMHOM MaTtepuane. ViccnepoBann Tena 21 ymepluero HoBopoxxaeHHoro. o aytoncum nposogmnn MPT-
nccnegoeaHve Ha annaparte 3T Magnetom Verio (Siemens, TepmaHus) B cTaHAapTHbIX T1 1 T2 pexxkumax. Ha Tomorpam-
Max aHanMsnpoBaIM UHTEHCUMBHOCTb CUrHana OT TKaHW NIerkunx, nneBpasibHO XUOKOCTU 1 BO3dyXa U pacCHUTbiBain no-
KasaTteslb BO3MyLIHOCT/ — OTHOLLEHWNE MHTEHCUBHOCTU CUrHasa oOT >XUOKOCTW B MAEBPaibHOM MOMOCTU K MHTEHCUBHOCTYU
CcurHana oT TKaHW nerkux. 3atemM NMpOoBOAWM MaToNoroaHaTOMUYECKOE BCKPbITVE M MO pe3yfsrataM U3yYeHus MMcTono-
MMYeCKVX NpenapaToB Bce HabMOAeHVS pasaeniv Ha ABe rpynrbl: B OCHOBHYIO MPyMMy BKAOHYMAM Tena 9 HOBOPOXXAEH-
HbIX, YMEPLUNX OT BPOXAEHHOW MHEBMOHWUM, B MPYMny CpaBHeHWs — Tena 12 ymepLUMx HOBOPOXAEHHbIX 6e3 MpusHakoB
MHEBMOHUN. VIHTEHCMBHOCTL CUrHana oT TKaHW JIErKUX HOBOPOXXAEHHbIX C BPOXAEHHOW MHEBMOHMEN Gblna Bbille aHano-
MYHOrO MokasaTens B rpynne cpaBHeHus: Ha 26,5 1 12,9 % B n1eBOM 1 NpaBOM JIErKOM COOTBETCTBEHHO Ha T1-B3Be-
LWEHHbIX n3obpaxkeHnsx (p >0,05) n Ha 23,7 1 31,2 % — Ha T2-B3BeLUeHHbIX 13obpaxeHusx (p >0,05). YyBcTBuUTENb-
HOCTb OMMCaHHOro MeTofda cocTasuna 77,8 %, cneundunyHocTe — 75,0 %, amarHocTndeckast ahdekTnBHOCTb — 76,2 %.

Knio4yeBble cnoBa: BPOXAEeHHaA NHEBMOHKA, flerkoe, nocMepTHasa MarHMTHO-pe30HaHCHaA TOMOFpanI/Iﬂ, ayTorncua, rnoka-
3aTesib BO3OYLLHOCTA
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Congenital pneumonia is an acute inflammatory condition of
the respiratory zone caused by an antenatal or/and intrapartum
infection and manifesting itself clinically and radiographically
within the first 72 hours after birth [1]. Improvements in
diagnostic techniques and treatment approaches contribute to
better survival of affected neonates, but death rate still remains
relatively high. According to research data [2], congenital
pneumonia is diagnosed worldwide in 10-38 % of stillborn and
20-63 % of liveborn babies who subsequently die. In Russia,
congenital pneumonia accounted for 0.43 % of all intrauterine

deaths and was also the primary cause of death of 8.7 %
of infants in the early (0-6 days) neonatal period in 2010, as
reported by the Federal Service for State Statistics [3]. In 2014,
those figures were 0.35 % and 8.34 %, respectively [4].

The major technique for the postmortem diagnosis of
congenital pneumonia is autopsy. However, morphological
analysis is often impeded by false positive results of lung float
test performed at autopsy and by a weak inflammatory response
in premature babies or upon treatment with antibiotics [5, 6].
Here, radiography is usually an alternative.
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Computed tomography (CT) is considered the major
radiographic  technique used to diagnose pulmonary
pathologies [7-9]. Postmortem CT is also quite effective in the
assessment of lung conditions and determining cause of death
in adults [10]. However, lungs of dead fetuses and neonates
are not visible on unenhanced CT [11]. Parallel to CT, magnetic
resonance imaging (MRI) is being increasingly used to detect
pulmonary pathologies [12]. For example, bronchial pneumonia
previously diagnosed during a CT scan was detected later by
MRI in 21 out of 22 adults, and the efficacy of this technique
was relatively high: sensitivity of 95 %, specificity of 88 %,
positive prognostic value of 95 % [13]. MRI proved to be an
effective diagnostic tool in the examination of 30 children (3—19
years of age) who had already been diagnosed with pneumonia
based on the X-ray test [14]. The researchers concluded that
MRI could be used as an alternative to X-ray or CT for the
detection of pneumonia foci no smaller than 1 cm in size in the
absence of calcification [13, 14]. Since MRI produces images in
any projection and the patient is not exposed to radiation, it can
be recommended for the dynamic assessment of pneumonia
progression. Leutner et al. [15] demonstrated that MRI is more
effective in diagnosing necrotizing pneumonia, compared to
enhanced CT. MRl also proved highly effective in the differential
diagnosis of causes of stillbirths and neonatal deaths [16, 17]
and was successfully used to determine time of intrauterine
fetal death by evaluating lung morphology [18, 19].

The aim of this work was to study a possibility of using
postmortem MRI for diagnosing congenital pneumonia in
autopsy material.

METHODS

We studied 21 dead neonates. Six to fifteen hours after infants
had been pronounced dead but prior to autopsy, the bodies
were scanned in standard T1 and T2 modes on 3T Magnetom
Verio scanner (Siemens, Germany) set up to a field of view of
300 mm and a flip angle of 180°. T1-mode settings were as
follows: slice thickness of 0.9 mm, repetition time of 1, 900
ms, echo time of 2.2 ms. T2-mode settings were as follows:
slice thickness of 1 mm, repetition time of 3,200 ms, echo time
of 410 ms. Using sagittal T1- and T2-weighted images, we
measured signal intensity (Sl) in the following regions of interest
(RQI): the largest possible section of the right and left lung that
did not contain big elements of the bronchovascular bundle,
region of air in the area close to the anterior abdominal wall
and in the pleural fluid. Then, an original airiness index (Al) was
calculated for the right and left lungs as the ratio of the Sl value
of the pleural fluid to the Sl value of the lung tissue. Because
MR signal intensity within a given body region changes non-
linearly and depends on a number of factors (distance from
the scanner’s isocenter, magnetic field homogeneity, physical
properties of the surrounding tissues, etc.), to study its absolute
value alone would be incorrect. We believe that airiness index
allows minimizing or even eliminating measurement error
related to the performance of an individual scanner.

After MRI scan, autopsy was performed followed by the
analysis of hematoxylin- and eosin-stained histological slices.
Based on the autopsy results, two groups were formed: group
(the main experimental group) included bodies of 9 neonates
who had died of congenital pneumonia 2 h 12 min to 36.5 days
after birth; group Il (the comparison group) included bodies of
12 neonates with no signs of pneumonia who had died 2 h 7
min to 24 days after birth. The bodies, the right lung and the
left lung were weighted. The weight ratio of both lungs to the
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body was calculated.

Statistical processing was done using Statistica 8.0
software (StatSoft, USA). Mean values, standard deviations and
a coefficient of variation were computed for each measured
parameter. Differences were considered significant with
p <0.05. Using the obtained results, we calculated sensitivity,
specificity and diagnostic efficacy of postmortem MRI in the
diagnosis of congenital pneumonia.

The study was approved by the Biomedical Research
Ethics Committee of Kulakov Research Center for Obstetrics,
Gynecology and Perinatology (Protocol 25 dated June 22, 2012).

RESULTS

Morphological analysis of autopsy material obtained from the
comparison group established that left lung weight varied from
2.1 to 36.5 g (coefficient of variation was 95.4 %) and right lung
weight varied from 0.3 to 24.2 g (coefficient of variation was
50.9 %) (table 1). Mean weight of the left, right and both lungs
was 10.8 £ 10.8, 11.5 + 6.1 and 22.3 + 14.6 g, respectively.
Histological samples of lung tissue had signs of hypoplasia
(in bodies with congenital diaphragmatic hernia) (fig. 1A),
atelectases and dystelectases.

In neonates who had died of pneumonia, the weights of the
left and right lungs were 4.1 to 42.7 g (coefficient of variation
was 44.9 and 40.1 %, respectively) (table 1). Mean weights
were 19.6 + 9.3 and 24.1 + 10.2 g, respectively; mean weight
of both lungs was 45.9 + 17.7 g. This indicates that all values
were 1.8-2.1 times higher than in the comparison group
(p <0.05). The weight ratio of both lungs to the body was 2.4
times higher in the experimental group (p <0.05). Histological
samples obtained from group | showed signs of pneumonia
manifested as weak monocyte/macrophage infiltration. (fig. 1B).

Visual analysis of T1- and T2-weighted images obtained
from both groups indicated almost identical signal intensity
in both lungs, but T2-weighted images reflected the organ
structure more clearly, compared to T1-weighted images
(fig.2, 3). The signal from the lungs of neonates who had died
of pneumonia was more intense in both scanning modes as
compared to the signal from the lungs of neonates who had
died of other pathologies. It was 26.5 and 12.9 % more intense
for the left and right lungs, respectively, on T1-weighted images
and 23.7 and 31.2 % more intense on T2-weighted images
(p >0.05) (table 2). Nonuniform signal intensity within one lung
was occasionally observed in the comparison group as a result
of a haemorrhage (fig.4); differences in tissue brightness in the
right and left lungs were due to organ compression caused by
diaphragmatic hernia (fig. 5).

Mean airiness index of the left lung calculated upon the
analysis of T1-weighted images of neonates who had died
of pneumonia was by 44 % lower in the experimental group
than in the comparison group; with the right lung, it was by
1.1 % higher (table 2). The same index calculated upon the
analysis of T2-weighted images was lower for both lungs in
the experimental group: by 14.3 % for the left lung and by
5.7 % for the right lung. When airiness index was calculated in
the right and left lung separately, differences were statistically
insignificant (p >0.05). However, if the index value obtained
from T2-weighted images was less than 2.5 in both lungs of a
newborn, it indicated a morphologically confirmed pneumonia
in the vast majority of cases (77.8 %).

Sensitivity of the applied technique was 77.8 %, its
specificity was 75.0 % and diagnostic efficacy was 76.2 %,
which indicates its high diagnostic value.
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Table 1. Clinical and morphological features of dead neonates

Group Case Sex Gestational age Age Body weight g’g ?ri,'gl';tng]; RI\?\/ZTghrJ\?g L\?vféilgu:tg Vk\)lglt%hltufglso tgf
the body
1 F 38 5cyr. 114 2080.0 43.2 22.1 21.1 0.021
2 M 33 28 cyT. 2800.0 58.6 25.2 33.4 0.021
3 M 24 5cyr. 154 800.0 16.3 12.2 14.1 0.020
4 F 33 7cyr. 144 2674.0 52.6 29.3 23.3 0.020
5 M 35 36 cyT. 104 3206.0 43.9 23.3 20.6 0.014
I 6 M 39 3cyT. 44 3980.0 65.3 42.7 22.6 0.016
7 M 30 5 cyT. 1942.0 62.7 33.7 29.0 0.032
8 F 33 Teyr 1y 2636.0 21.3 17.2 4.1 0.008
9 F 27 2y 980.0 19.3 10.8 8.5 0.020
M + SD 32.4+4.8 10cyT. 74 | 2344.2+1018.4 | 459+17.7 | 24.1+102 19.6+9.3 0.019 + 0.006
10 M 40 2y 2747.0 15.7 9.6 6.1 0.006
11 F 36 23 cyT. 154 1820.0 46.5 24.2 22.3 0.026
12 M 39 234 3538.0 13.2 6.2 7.0 0.004
13 M 35 3cyr. 24 1391.0 12.6 9.4 3.2 0.009
14 F 39 2 cyT. 3740.0 17.0 14.5 25 0.005
15 F 39 21y 4450.0 21.3 11.4 9.9 0.005
Il 16 F 37 164 2310.0 10.1 7.8 2.3 0.004
17 M 40 6y 4550.0 13.6 11.3 2.3 0.003
18 F 37 19y 2853.0 11.5 9.4 2.1 0.004
19 M 37 4 cyr. 3182.0 36.0 17.5 18.5 0.011
20 F 39 24 cyr. 5164.0 53.1 16.6 36.5 0.010
21 F 37 1cyr 114 3770.0 17.1 0.3 16.8 0.005
M + SD 37.9+16 5cyr. 104 | 3292.9+1134.7 | 22.3+14.6 11.5+ 6.1 10.8+10.8 | 0.008 +0.006
DISCUSSION small sample size and a need to assess lung pathology in

each individual case and not in the whole group. However, we

For this work, we selected pleural fluid and air as the most stable
lung components with regard to their physical parameters.
Signal intensity varied in the area containing pleural fluid and
air. Since there were no signs of pleuritis at autopsy, such
variability was probably related to different scanner settings
used by different tomography specialists. The presence of fluid
of non-inflammatory origin (transudate-like) in the pleural cavity
is indicative of early nonspecific postmortem changes [20] and
is observed in all deaths, as proved by the autopsy.
Differences between groups with regard to airiness index
were statistically insignificant, which might be due to a relatively
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believe that Al <2.5 registered simultaneously in both lungs
on T2-weighted images indicates pneumonia. This pattern
was observed in 7 out of 9 cases in the experimental group.
In two other cases, a higher Al was a result of concomitant
pathologies: pneumothorax in case 1 and the edematous form
of hemolytic disease in case 7. In the comparison group, Al
was >2.5 for both lungs in 9 out of 12 cases. In three cases
with airiness index <2.5 for both lungs indicating pneumonia,
we detected multiple congenital defects (case 11) and false
congenital diaphragmatic hernia with compression of the lungs
(cases 13 and 18).
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Fig. 1. Histological changes of lungs: (A) hypoplasia, (B) monocyte/macrophage pneumonia. Staining with hematoxylin and eosin, x100
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Fig. 2. Coronal MR-images of a dead neonate with congenital pneumonia (the
experimental group): (A) T1-weighted image, (B) T2-weighted image

Fig. 3. Coronal MR-images of a dead neonate without lung pathology (the
comparison group): (A) T1-weighted image, (B) T2-weighted image

Fig. 4. Coronal MR-images of a dead neonate from the comparison group with
hemorrhages in both lungs in the absence of pneumonia: (A) T1-weighted image,
(B) T2-weighted image

We think that airiness index allows for minimizing or
eliminating measurement error related to the performance of an
individual scanner and its settings.

Our results show a higher diagnostic efficacy of the applied
technique as compared to the results obtained by Arthurs
et al. [21], who demonstrated that sensitivity of the postmortem
MRI in fetuses, newborns and children was 12.5 %, specificity
was 92.6 % and the prognostic value of a positive result was
25 %. The reason here might be that the researchers visually
assessed lung airiness and indurations to diagnose pneumonia.
They also demonstrated that MRI diagnostic efficacy improves
in older patients: the worst results (69.7 % of false negative
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Fig. 5. Sagittal MR-images of a dead neonate from the comparison group with
the intact left lung and right lung compressed by a diaphragmatic hernia

results) were obtained for fetuses that had died before week
24 of gestation. On the one hand, MRI-based diagnosis of lung
conditions, such as pneumonia, is a complicated clinical task;
MR images of lungs are of low quality because of low proton
density and a large amount of air-tissue gradients [22, 23].
On the other hand, back in the1990s Herold et al. [24] and
Blum et al. [25] demonstrated moderate signal intensity on
T1-weighted images and high signal intensity on T2-weighted
images of immunocompromised patients with pulmonary
aspergillosis. A definite MRI advantage is its ability to measure
absolute and relative lung size that to some extent reflects
progression of respiratory failure [26, 27].
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T1-weighted images T2-weighted images
Group Case Signal intensity Signal intensity
RIght | | ot lung Air fug | RS | AR ] Rignt Left Air Fluid ALRL ) ALLLE
lung lung lung

1 128 664 6.0 515 4.0 0.8 120 330 3.0 880 7.3 2.7
2 488 750 7.0 409 0.8 05 330 200 6.0 300 0.9 15
3 538 517 9.0 379 0.7 0.7 416 345 45 735 1.8 2.1
4 769 530 9.0 588 0.8 1.1 330 300 3.0 720 2.2 2.4
5 566 492 6.0 293 0.5 0.6 380 290 1.0 523 14 1.8

[ 6 688 741 11 557 0.8 0.8 521 450 45 1122 2.2 2.5
7 719 693 7.0 393 05 06 239 208 5.0 639 2.7 3.1
8 479 595 12 444 0.9 0.7 446 453 6.0 920 2.1 2.0
9 873 887 12 516 0.6 0.6 870 837 8.0 1120 1.3 1.3

M + SD 5213;_21 6159?61_61 8.8+2.4 4%‘;_%* 11+11 [ 07202 423;‘8* 317352_ 41 4.6+2.1 727%?11 24+19|22+05

10 144 72 6.0 277 1.9 3.8 195 176 3.0 590 3.0 3.4
11 938 871 9.6 736 0.8 0.8 552 465 4.0 996 2.1 2.1
12 605 564 9.0 420 0.7 07 119 133 3.0 500 42 3.8
13 624 585 7.0 430 0.7 0.7 363 365 3.0 672 1.9 1.8
14 251 569 9.0 349 1.4 0.6 251 312 3.0 690 2.7 2.2
15 477 384 10 340 0.7 0.9 265 237 3.0 598 2.3 2.5

| 16 829 866 10 573 0.7 07 436 456 7.0 1140 2.6 2.5
17 581 541 5.0 435 0.7 0.8 287 278 3.0 742 2.6 2.7
18 524 388 7.0 261 0.5 0.7 279 396 4.0 583 2.1 15
19 359 250 3.0 930 2.6 3.7 359 363 3.0 930 2.6 2.6
20 504 678 3.0 341 0.7 05 446 323 2.0 926 2.1 2.9
21 362 419 5.0 514 1.4 1.2 160 176 1.0 412 2.6 2.3

M+ SD 5;26;31 5212;?8* 7.0:2.6 416;%?5* 1106 | 1.3+1.1 3102'7?01 31035';; 33:1.4 732166.3; 2606|2506
Artifacts on MR images result from lung motion during  CONCLUSIONS

aspiration and blood pulsations, especially in newborns [28].
They are not the case in postmortem MRI; however, we have
to admit that there is a problem with accurate assessment
of unspecific postmortem changes related to blood
redistribution and autolysis [20, 29, 30]. To improve diagnostic
accuracy and provide a possibility for differential diagnosis,
some authors suggest histological analysis (apart from
MRI) of lung tissue samples obtained percutaneously or
endoscopically [31].

As postmortem MRI efficacy largely depends on the
scanner type and its settings, special protocols should be
elaborated considering scanner types, operating modes and
corresponding software. Taylor et al. [32] inferred the necessity
of using different protocols when analyzing the bodies of dead
fetuses and infants.
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